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PURPOSE 


Contract  DA-36-039-SC-51i89  between  Olin  Industries,  Inc.  and  Squier 
Signal  Corps  laboratories  provides  that  research  investigations  shall  be 
conducted  leading  toward  the  development  of  dry  batteries  that  will  be 
capable  of  long  storage  at  elevated  temperatures. 

More  specifically  basic  studies  are  to  be  conducted  on  the  constituent 
parts  of  the  LeClanche  electrochemical  system  to  determine  the  characteristics 
that  affect  shelf  life  at  high  temperatures.  These  studies  shall  aim  toward 
production  of  batteries  of  the  LeClanche  type  that  meet  these  requirements. 

(a)  They  shall  retain  at  least  $0%  of  their  initial  capacity  after  the 
following  periods  of  storage  under  the  conditions  indicated,* 

Cl)  12  months  storage  at  113°F,  9 5%  R.H. 

(2)  3 months  storage  at  130°FS  £ 0 % R.H. 

(3)  2 weeks  storage  at  l60°F,  5 0 % -R.H. 

(b)  They  shall  meet  the  general  requirements  of  specification  JAN-B-18. 

(c)  When  they  are  tested  at,  l60°F  as  specified  in  JAN-B-18A,  par.  B-9a 
the  sealing  compound  used  shall  not  flow. 

Cd)  Their  dimensions  shall  be  such  that  they  can  be  built  into 
batteries  conforming  to  the  standard  battery  line  as  proposed  by  S.C.E.L. 

Ce)  They  shall  be  so  designed  that  their  manufacture  shall  be 
commercially  feasible  for  large  scale  production. 
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ABSTRACT 


This  is  the  final  report  summarizing  the  work  that  has  been  carried  on 
by  Olin  Industries,  Inc.  for  Squier  Signal  Corps  Laboratories  on  investigations 
leading  to  the  development  of  LeClanche  batteries  with  improved  storageability. 

Efforts  during  ihe  period  specified  by  the  contract  was  directed  to  the 
investigation  of  thes 

1.  Stability  of  Manganese  Dioxide 

Twenty-two  types  of  manganese  dioxide  of  varying  crystal  structure  were 
stored  in  battery  electrolyte  at  113°F,  confirming  the  fact  that  those  materials 
having  an  initial  structure  of  epsilon,  delta  or  gamma  undergo  considerable 
crystal  change  when  stored  in  contact  with  battery  electrolyte.  Materials 
having  a rho,  pyrolusite,  gamma  B or  cryptomelane  structure  undergo  only  a 
slight  change  in  crystal  structure  under  the  s ame  conditions. 

2.  Separator  Materials 

Forty- three  types  of  separators  were  tested  for  a period, of  twelve  months 
at  113 °F.  These  results  show  that  flours  undergo  more  serious  oxidation  than 
most  starches.  All  the  starch  materials  tested  to  date  reduce  the  voltage 
of  manganese  dioxide  to  about  the  same  level  as  do  corn  or  potato  starch. 
Oenerally  the  reduction  of  the  manganese  dioxide  (voltage  loss)"  occurs  quite 
rapidly  during  the  first  month  of  storage.  Thereafter  reduction  is  . “relatively 
light.  This  is  true  for  all  samples  tested.  Of  all  the  samples  tested,  none 
appear  to  be  any  more  resistant  to  oxidation  than  the  corn  or  potato  starch. 

Thirty- two  of  the  most  promising  separator  materials  were  tested  at 
160°F  for  six  weeks,  indicating  that  most  conventional  starch  materials  lose 
their  gel  structure  when  in  contact  wiih  battery  electrolyte  at  this 
elevated  temperature  within  a period  of  two  to  four  weeks. 

Results  have  been  obtained  which  show  that  the  majority  of  the  voltage 
reduction  of  manganese  dioxide  when  in  contact  with  a starch  separator  is  due 
to  some  soluble  material  present  in  the  initial  starch  or  formed  by  the  acid 
action  of  the  electrolyte  on  the  starch.  Studies  have  also  shown  the  amount 
of  voltage  reduction  decreases  as  the  pH  of  the  paste  electrolyte  is  increased 
until  the  pH  is  reached  at  which  diamine  forms.  After  this  point,  voltage 
reduction  is  essentially  constant. 

3.  Polarization 

Polarization  apparatus  was  designed  to  test  the  passive  tendencies  of 
the  anode  without  removing  it  from  the  corrosive  media. 

Considerable  work  was  carried  out  on  anodic  and  cathodic  polarization. 
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Several  types  of  inhibitors  were  studied  as  to  their  effect  on  the  polarisation 
of  sine.  The  best  inhibitors  were  found  to  be  Aniaron  R-155,  ammonium  dichro- 
mate, ammonium  chromate,  sodium  dichroaate  and  a mixture  of  sodium  dichromate 
and  Antaron  R— 1S>5.  However,  the  chromate  film  gives  high  anodic  polarisation. 

A desirable  inhibitor  for  a dry  cell  should  cause  sine  to  exhibit  high 
cathodic  polarisation  and  moderate  anodic  polarisation.  Amalgamation  of  sine 
does  not  give  satisfactory  inhibition,  as  the  amalgamation  process  tends  only 
to  equalise  the  voltage  of  anodic  and  cathodic  areas  on  the  sine  surface. 

It  does~not  set  up  a corrosion  barrier  in  terms  of  polarisation.  This  means 
that  any  potential  difference,  on  the  sine  surface  will  cause  serious  corrosion. 
With  amalgamated  sine  especially,  the  corrosion  process  doe's  not  appear  to 
be  a direct  liberation  of  hydrogen  but  rather  the  discharge  of  free  sine  which 
in  turn  reacts  with  the  electrolyte  to  form  hydrogen. 

Continued  polarisation  studies  show  that  the  chronate  ion  is  the  best 
inhibitor  tested  to  date  for  cells  which  are  stored  at  elevated  temperatures. 
Cells  have  been  fabricated  and  tested  which  gave  very  satisfactory  service 
after  storage  at  113°F,  95%  R.H.  for  one  year.  Best  results  were  obtained 
using  a chromate  inhibitor  -in  .the  paste  and  barlnm  chromate  as  a reservoir 
for  chromate  ions  in  the  depolarizer  itself. 

Weight  loss  measurements  and  polarization  studies  indicate  that  percentages 
above  1.0^  of  chromate  is  the  best  concentration  for  inhibiting  zinc, 
especially  at  elevated  temperatures.  These  same  studies  were  made  with 
varying  degrees  of  amalgamation  of  zinc  and  indications  are  that  this  process 
Is  not  satisfactory  for,. inhibiting  zinc  at  elevated  temperatures  due  to  the 
fact  that  little  or  aio  corrosion  barrier  is  set  up. 

It.  Subseal 

e 

Cells  using  a polyethylene  gasket  as  a substitute  for  a wax  sub-seal, 
with  a heat  resistant  polystyrene  top  seal  gave  better  capacities  and  exhibited 
considerably  less  leakage  than  cells  with  only  a wax  subseal  and  heai  resis- 
tant polystyrene  iop  seal  after  storage  for  two  weeks  at  l60°F. 

■f>«  Substitute  for  Starch-Four  Gel  Separator 

The  study  of  liner  materials  to  replace  the  conventional  starch  separator 
in  cells  which  must  undergo  elevated  temperatureWstorage,  including  paper 
liners  coated  with  polyvinyl  alcohol,  carboxy  methyl  cellulose,  methyl 
cellulose,  proteins,  glutens,  and  gum  type  materials.  Data  available  to  date, 
indicates  that  cells  fabricated  with  methyl  cellulose  coated  paper  liners, 
polyethylene  gasket  as  a sub-seal  and  heat  resistant  polystyrene  iop  seal, 
have  met  the  requirements  of  l30°F,  $0%  R.H.  and  l60°F,  50%  R.H.  storage 
capacity. 
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Part  I - Equipment  and  Procedure 

1.  High  Temperature  Baths  and  Humidity  Ovens 

Four  water  baths  were  purchased  from  the  Precision  Scientific  Company 
of  Chicago,  Illinois.  Three  of  these  were  put  into  operation,  and  one  was 
kept  in  reserve  in  case  of  mechanical  failure  in  any  one  of  the  others. 

Two  baths  have  a working  area  of  18"  x 12"  x 8^"  each  and  the  other  two  have 
a working  area  of  36"  x 18"  x 12"  each.  They  are  thermostatically  controlled 
and  can  be  maintained  within  plus  or  minus  one-half  of  one  degree  of  the 
desired  setting.  Also,  they  are  equipped  with  a device  which,  besides  main- 
taining a constant  water  level,  will  also  provide  for  water  circulation  and 
more  constant  conditions  throughout. 

These  baths  were  used  to  store  manganese  dioxide  samples,  and  to  main- 
tain the  correct  temperature  conditions  for  corrosion  experiments,  starch- 
flour  voltage  reduction  of  manganese  dioxide,  storage  of  samples  used  for 
polarization  studies  and  ion  substitution  into  the  structure  of  a gamma  type 
manganese  dioxide. 

Two  constant  humidity  ovens  were  ordered  and  purchased  from  the  American 
Instrument  Company  of  Silver  Springs,  Maryland.  One  steam  humidified  cabinet, 
inside  dimensions  2Un  x 2lp'  x 2UW  stainless  steel  interior  and  lacquered 
steel  exterior  for  operation  on  230  volts,  60  cycles  A.C.  current,  one  steam 
humidified  cabinet,  inside  dimensions  $0*  x 2it"  x 2ii"  stainless  steel  interior 
with  lacquered  steel  exterior  for  operation  on  230  volts,  60  cycles  A.C. 
current. 

Completed  cells  were  stored  in  these  ovens  at  the  conditions  and  for 
the  times  specified  by  this  contract.  These  are  two  weeks  at  l60°F  and  $0% 
relative  humidity,  three  months  at  130°F  and  $0%  relative  humidity  and  twelve 
months  at  113°F  and  95%  relative  humidity. 

2.  Polarization  Apparatus 

The  polarization  apparatus  used  in  this  study  is  shown  in  Figure  1.  It 
consists  essentially  of  two  units.  One  unit  supplies  the  polarization  current 
and  imposes  a desired  anode  current  density  on  the  zinc  electrode.  The  power 
source  is  a three  volt  battery  connected  in  series  with  a variable  resistance 
box,  a milliammeter,  and  a switch.  One  lead  of  this  circuit  is  connected  to 
a carbon  rod  which  serves  as  a power  electrode,  the  other  lead  to  the  zinc 
anode.  This  anode  has  a controlled  surface  area  of  0.783  cm.  By  means  of 
the  resistance  box  it  is  possible  to  vary  the  current  in  the  circuit  which 
in  turn  controls  the  current  density  of  the  anode.  The  current  density  was 
regulated  to  such  a value  as  to  compare  with  existing  tests  on  cells  of 
normal  construction 
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The  second  unit  of  this  apparatus  consists  of  a zinc  anode  and  the 
electrode  of  a saturated  calomel  half  cell.  The  measurement  obtained  is  the 
open  circuit  voltage  of  the  zinc  anode  against  the  calomel  reference  elec- 
torde.  The  initial  closed  circuit  voltage  of  this  couple  is  imposed  on  the 
anode  and  the  voltage  can  be  read  at  various  intervals  of  time  after  the 
polarization  current  has  been  started,  and  while  polarization  current  density 
is  held  constant  by  means  of  the  variable  resistance  box.  A saturated  calomel 
half  cell  is  electrolytically  connected  with  the  corrosion  solution  by  means 
of  modified  salt  bridge  which  has  a saturated  potassium  chloride-  solution  in 
the  arm  contacting  the  calomel  cell.  Tfye  other  arm  of  the  bridge  can  be 
filled  with  corrosion  solution  under  investigation.  The  junction  of  the  two 
liquids  occurs  around  a three-way  stopcock  shown  in  Figure  1. 

The  voltage  measurements  are  made  by  an  electronic  voltmeter  and  a 
potentiometer  which  are  connected  in  the  circuit  with  a double  throw  switch. 
This  makes  it  possible  to  read  the  voltage  with  either  the  voltmeter  or  the 
potentiometer.  The  former  is  used  to  obtain  accurate  measurements  of  the 
open  circuit  voltage. 

A modification  of  this  apparatus  is  used  to  measure  anodic  and  cathodic 
polarization  jointly.  In  the  latter  tests,  a zinc  strip  of  controlled  area 
(0.785  sq.  cm.)  is  substituted  for  the  carbon  power  electrode..in  the  power 
supply.  The  polarization  current  is  varied  and  readings  are  obtained  from 
each  electrode. 

The  construction  of  the  zinc  anodes  is  of  particular  interest,  they 
consists  of  a zinc  disc  one  centimeter  in  diameter  which  is  bonded  by  means 
of  an  inert  wax  (probably  DeKotinsky  cement)  to  a short  section  of  glass 
tubing  of  the  same  external  diameter.  A wire  lead  extends  down  through  the 
glass  tube  and  is  soldered  to  the  center  of  the  disc.  Both  the  wire  lead 
and  the  open  end  of  the  glass  tube  form  a vapor  tight  seal  with  a rubber 
stopper. 

The  rubber  stopper  which  fits  a sample  bottle  contains  two  other  holes 
which  accomodate  one  leg  of  the  salt  bridge  and  the  power  electrode  (See 
Figure  l).  During  storage  periods  these  holes  are  closed  with  a short  section 
of  solid  glass  rod.  It  is  to  be  noted -that  the  zinc  electrode  can  be  tested 
on  the  polarization  apparatus  without  removing  it  from  the  corrosion  media. 
Furthermore  because  of  the  construction  of  the  salt  bridge  the  corrosion 
solution  is  not  contaminated  by  foreign  ions  during  the  polarization  measure- 
ments . 


3.  Storage  Containers  for  Manganese  Dioxide  Studies 

Different  crystal  types  of  manganese  dioxide  were  stored  in  glass  sample 
bottles  in  water  baths  maintained  at  the  temperatures  specified  by  this 
contract. 

h.  Electron  Microscope 

The  electron  microscope  was  used  for  the  most  part  in  examining  the 
crystallographic  changes  occuring  in  the  manganese  dioxide  during  Storage* 
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Additional  checks  were  made  by  X-ray  diffraction  whenever  it  seemed  necessary* 

5>*  Chemical  Analysis 

Chemical  analysis  was  used  to  determine  the  amount  of  reduction  of  man- 
ganese dioxide  caused  by  separator  materials*  It  is  also  being  used  to  charac- 
terise further  iiew  types  of  manganese  dioxide.  . 

6j«  Apparatus  for  Measuring  Manganese  Dioxide  Voltage  (Untamped 

Depolarise? 

The  voltage  of  manganese  dioxide  samples  stored  in  contact  with  various 
separating  materials  was  measured  by  employing  the  following  techniques: 

A hole  3/32"  in  diameter  and  1/8*  depth  is  drilled  in  the  end  of  a carbon 
rod  and  a small  quantity  of  mix  is  solidly  tamped  into  this  cavity.  The  end 
of  the  rod  containing  this  miniature  mix  slug  is  then  pressed  against  a flat 
sine  anode  using  starch  coated  flat  cell  paper  as  a separator.  The  voltage 
of  the  couple  is  read  on  a potentiometer  or  very  high  resistance. voltmeter. 

The  method  had  proved  reliable  and  reproducible.  It  is  possible  also  to 
read  the  voltage  of  the  manganese  dioxide  coupled  with  a calomel  reference 
electrode  instead  of  a zinc  electrode  by  a slight  modification  in  the 
procedure. 

&«  Apparatus  for  Measuring  Manganese  Dioxide  Voltages  (Tamped) 

The  voltage  of  manganese  dioxide  samples  stored  as  AA  cores  in  contact 
with  various  separating  materials  was  measured  in  the  following  manner: 

One  leg  of  a modified  salt  bridge  is  filled  with  electrolyte  and  brought 
into  contact  with  the  separator  material  which  has  been  stored  in  a glass  jar 
in  contact  with  an  AA  core  of  the  manganese  dioxide  being  tested.  The  second 
leg  of  this  salt  bridge  (containing  a saturated  KC1  solution)  contacts  jl 
calomel  half-cell.  A lead  wire  from  the  calomel,  cell  to  the  negative 
terminal  of  a potentiometer  and  a lead  wire  from  the  carbon  rods  of  the  AA 
core  to  the  positive  terminal  of  the  potentiometer  collates  the  circuit. 

It  is  then  possible  to  read  the  voltage  of  the  manganese  dioxide  coupled 
with  the  voltage  of  the  calomel  reference  electrode.  This  procedure  eliminates 
problems  which  arise  when  a zinc  anode  is  present. 

7.  Machine  for  Coating  Paper 

A gum  label  machine  was  purchased  from  New  Jersey  Machine  Corporation 
of  Hoboken  New  Jersey.  This  pony  gummer  was  adopted  for  coating  short  lengths 
of  paper. 
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Pari  II  - Stability  of  Manganese  Dioxide 

1~«  Effect  of  Stability  on  Various  Crystallographic  Types  of  Manganese 

Pi  03d  da 

Under  tropical  storage  conditions,  background  data  indicated  that  cer- 
tain types  of  manganese  dioxide,  when  placed  in  contact  with  battery  electro- 
lyte, were  stable  and  underwent  no  crystal  phase  conversion  while  other  types 
were  unstable*  This  stability  or  instability  directly  influenced  capacity 
on  delayed  tests,  and  the  problem  became  even  more  critical  as  temperatures 
rose.  This  conversion  or  phase  change  was  not  critical  in  itself,  because 
the  new: phases,  when  produced  outside  the  dry  cell,  performed  excellently. 
However,  the  new  physical  shape  of  the  manganese  dioxide  particles  formed  in 
the  dry  cell  was  extremely  important.  This  change  of  shape  that  took  place 
during  conversion  caused  a loss  of  contact  between  the  particles  of  manganese 
dioxide  and  carbon  black.  This  loss  of  contact  of  course  made  it  impossible 
for  the  particles  of  manganese  dioxide  to  participate  in  the  discharge  reaction* 
First  proof  of  this  was  obtained  by  re-working  the  mix  from  cells  in  which 
conversion  had  taken  place,  thus  re-establishing  contact* between  manganese 
dioxide  and  carbon  black  so  that  capacities  were  as  high,  if  not  higher,  than 
the  original  cells. 

Kith  this  knowledge,  a study  was  Initiated  in  which  twenty-two  samples 
of  manganese  dioxide  from  various  sources  and  covering  the  whole  gamut  of 
crystallographic  types  were  analysed* 

This  was  accomplished  by  placing  the  manganese  dioxide  in  normal  battery 
electrolyte  (2l*£  NH^Cl,  22. 5E  ZnCl2,  H20  composition  by  weight)  for 

storage  in  such  a manner  as  to  approximate  conventional  battery  conditions. 

Each  sample  of  manganese  dioxide  was  stored  as  a mix  consisting  of  seven  parts 
ore  to  one  part  Shawlnlgan  black  in  contact  with  battery  electrolyte  in 
sealed  glass  jars*  The  samples  in  these  jars  were  then  stored  in  water  baths 
at  temperatures  of  113°F.,  130°F.,  and  l60°F.  Samples  at  130°F,  and  l60°F. 
were  later  eliminated  due  to  malfunction  of  the  water  baths;  however,  limited 
results  were  obtained  which  showed  that  little  significant  difference  occurred 
at  these  higher  temperatures.  It  was  noted  that  the  crystal  structure  change 
ocourred  mope  rapidly  at  166°?.  as  would  be  expected  due  to  Increased  chemical 
activity. 

Small  amounts  of  each  sample  were  removed  at  various  intervals  during 
the  storage  period  and  examined  with  an  electron  microscope  to  determine 
diffraotlon  patterns  and  morphological  structure*  These  results  are  compared 
to  analyse*  of  the  initial  material  to  show  just  change*  have  occurred. 

The  results  qf  this  work  art  tabulated  in  Figure  #1  and  th*  oondehsed 
results  art  illustrated  in  a phase  diagram.  Figure  |2« 

The  summary  of  the  results  are  as  follows  1 


SECURITY  INFORMATION 
RESTRICTED. . . 


SECURITY  INFORMATION 
RESTRICTED 


8 


Delia  Materials  - Highly  unstable  and  tend  to  change  to  epsilon  and  then 
to  alpha  or  convert  directly  to  alpha. 

Epsilon  Materials  - Highly  unstable  and  tend  to  convert  to  alpha. 

Alpha  Materials  - Extremely  •table. 

Rho  Materials  - Extremely  stable. 

Beta  Materials  - Extremely  stable. 

Gamma  A Materials  - Tend  to  convert  to  alpha.  The  alpha  product,  how- 
ever, is  different  in  appearance  than  that  foraed  by  delta  or  epsilon  con- 
version. It  is  hairlike  while  the  latter  is  bar  or  burrlike. 

Gamma  B Materials  - If  pure  phase,  appear  extremely  stable;  however,  if 
a Gamma  A phase  or  alpha  is  present,  the  stability  is  lost. 

Some  gamma  materials  appear  to  convert  quite  rapidly  while  others  do 
not~show  a conversion  tendency.  This  can  be  correlated  with  the  difference 
in  diffraction  patterns  of  various  gamma  material.  For  simplicity,  the  gamma 
classification  has  been  broken  down  to  include  a gamma  A and  a gamma  B sub- 
division. These  sab-divisions  are  arbitrary  and  are  based  upon  the  relative 
intensities  of  the  1.38  A0  and  l.Ul  i?  lines  of  the  conventional  gamma  dif- 
fraction pattern.  Gamma  A , material  is  defined  by  a diffraction  pattern  con- 
taining the  2d*  A0,  2.1  A0,  1.62  A 0 and  1.1*1  A 0 lines,  while  gamma  B is 
defined  by  a diffraction  pattern  containing  the  2.1*  A6,  2.1  A0,  1.62  A°  and 
1.38  A0  lines.  It  is  possible  and  quite  common  to  have  a poly-phase  gamma 
material  wherein  the  material  assumes  the  stable  characteristics  of  gamma  A. 

Of  some  note  is  the  fact  that  the  major  structural  change  of  samples 
tested  took  place  during  the  first  two  months  of  storage.  This  answers  in 
part  the  question  of  poor  delayed  performance  of  many  materials  when  tested 
at  three  months  time  along  with  the  effect  of  pH  change,  starch  reduction 
and  breakdown  of  cell  efficiency. 

Capacity  results  have  indicated  that  rho  and  beta  phase  material, 
although  extremely  stable,  are  far  from  outstanding  performance-wise. 

Whereas  alpha  and  pure  phase  gamma  B not  only  are  stable  but  also  excellent 
in  perfomance. 

To  illustrate  further  the  phase  changes  of  an  unstable  manganese  dioxide, 
work  was  done  using  an  ore  of  delta  structure  (light  hydrate).  When  stored 
in  battery  electrolyte  for  extended  periods,  light  hydrate  converts  from  an 
apparently  unstable  delta  pattern,  through  an  epsilon  stage  to  an  apparently 
stable  cryptomelane  phase.  With  this  in  mind,  experiments  have  been  carried 
out  in  which  light  hydrate  was  converted  to  cryptomelane  (alpha)  before  &eing 
assembled  into  batteries.  These  experiments  consisted  of  leaching  light 
hydrate  in  different  solutions  at  a constant  temperature  of  90°C  for  seventy- 
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two  hours.  Th«  solutions  tested  were  20%  Zn&2,  20%  NHlCI,  20%  KC1  and  HjO. 

In  all  cases,  a pH  level  between  3.5  and  L.O  was  maintained  by  the  addition 
of  dilute  HC1.  Samples  of  the  product  were  removed  at  intervals  of  twenty- 
four  hours,  to  determine  the  rate  at  which  conversion  was  taking  place.  After 
seventy-two  hours  at  90°C  the  solutions  were  cooled,  filtered,  washed  and  then 
dried  in  a forced  draft  oven  for  twenty-four  hours  at  90°C. 


Besides  taking  electron  diffraction  patterns  and  micrographs  of  the  sawples, 
a chemical  analysis  was  run  on  the  final  product.  Results  of  this  experiment 
are  given  in  Figure  #3*  Except  for  one  case,  the  final  products  of  leaching 
gave  cryptoaelane  diffraction  patterns.  This  one  exception  being  KC1  solution 
were  conversion  was  not  collated  in  seventy- two  ^xours. 

The  chemical  analysis  shows  that  the  ZnCi.2  crypto  me lane  has  a density 
much  above  that  of  the  others  and  a formula  more  close  to  MnOg 
these  factors  tend  to  prove  that  the  ZnClp  crypto  we  lane  is  the  best  of  the 
materials  for  good  storage  characteristics.  These  results  are  substantiate^ 
by  capacity  results  in  Figure  #L. 

2,  A Study  of  the  Effects  of  Introducing  Various  Ions  into  the  Structure 

of  an  Essentially  Qawaa  type  Manaanese  Dioxide  ’ ' 

A study  was  initiated  to  determine  the  effect  on  "the  crystal  structure 
of  a gamma  type  manganese  dioxide  by  the  introduction  of  various  ions  into 
its  structure.  Electrolytic  manganese  dioxide  Lot  #106  from  Western  Electro- 
chemical Company  was  chosen  as  the  manganese  dioxide  due  to  its  structure  . 
which  was  'typical  for  electrolytic  ore.  The  following  salts  were  introduced 
into  the  structure  of  this  orei 

Sodium  Chloride 
Sodium  Sul/atec 
Potassium  Chloride 
Potassium  Sulfate 
♦Barium  Chloride 
♦Barium  Sulfate 
Calcium  Chloride 
Calcium  Sulfate 
Manganese  Chloride 
Manganese  Sulfate 
Ferric  Chloride 
Ferric  Sulfate 


Copper  Chloride 
.Popper  Sulfate 
Lead  Chloride 
Lead  Sulfate 
Zinc  Chloride 
Zinc  Sulfate 
Magnesium  Chloride 
Magnesium  Sulfate 
Lithium  Chloride 
Lithium  Sulfate 
Ammonium  Chloride 
Ammonium  Sulfate 


In  the  samples  tested,  one  hundred  grams  of  manganese  dioxide  pimp  two 
hundred  grams  of  diatillsd  water  were  used  and  an  acid  added  (H2SOL  for  sul- 
fate salts  end  HC1  for  chlorides  salts  with  content  varied  from  sero  to  thirty- 


♦ Barium  salts  were  discarded  due  to  inability  to  wash  the  product  thoroughly 
end  to  achieve  consistent  capacity  results. 


SECUKETT  INFORMATION 
RESTRICTED.  . 


SECURITY  INFORMATION 
RESTRICTED 


10 


five  grans)*  The  weight  of  salt  added  was  half  the  nolecular  weight  in  grans 
except  in  cases  where  the  valence  was  greater  than  one,  here  one-fourth  or 
one-third  the  nolecular  weight  wan  used.  The  amount  of  salt  used  was  far  in 
excess  of  that  needed  to  carry  out  the  reaction  but  it  was  necessary  to  use 
this  excess  to  smother  the  effect  of  any  other  ion  present.  After  the  sanples 
were  nade  up,  they  were  stored  in  a water  bath  at  90OC.  for  a period  of  a week, 
After  storage  the  converted  ores  were  washed,  filtered  and  dried. 

The  crystallographic  results  of  this  experinent  are  tabulated  in  Figure 


Cannes  shown  in  Figure  §6  detail  the  conversions  which  take  place  in 
the  various  acid  nediuns.  It  oust  be  understood  that  these  curves  are  based 
on  electron  diffraction  analysis  and  therefore  are  extrenely  relative*  The 
quantity  of  any  phase  present  is  based  on  its  relative  intensity  with  regard 
to  the  other  diffraction  lines  in  the  pattern.  The  intensity  of  each  phase 
is  based  on  a scale  from  one  to  ten. 

Evaluation  of  these  converted  ores  was  accomplished  by  the  fabricating 
and  testing  of  AA  sise  cells  for  capacity  results.  This  sise  cell  was  used 
for  the  evaluation  because  of  the  small  amounts  of  ore  available . The  tests 
on  which  these  cells  were  evaluated  were  picked  to  approximate  current 
density  drains  equivalent  for  D site  cells.  The  four  tests  in  the  series 
are  25  ohm  light  industrial  and  650  ohm  continuous  which  are  low  rate  dis- 
charge tests  and  25  ohm  heavy  industrial  and  66, 7 ohm  continuous  which  are 
high  rate  discharge  tests. 

Capacity  results  are  given  also  in  Figure  but  are  incomplete  due  to 
difficulties  in  testing  and  fabricating  these  cells* 

All  ores  have  been  fabricated  into  cells  and  results  are  incomplete 
pending  completion  of  testing. 

The  following  observations  in  regard  to  this  study  are  presented! 

Ammonium,  potassium  and  lead  favor  the  formation  and  stabilisation  of 
the  alpha  phase  regardless  of  acid  concentration. 

Zinc,  calcium#  and  copper  favor  the  formation  and  stabilisation  of  the 
rho  phase  dependant  on  acid  concentration* 

Sodium,  magnesium,  lithium,  manganese  favor  the  formation  and  stabilisation 
of  the  beta  phase,  dependent  upon  acid  concentration* 

Probably  the  most  significant  change  was  introduced  by  the  iron  salts 
which  increase  the  gamma  component  markedly* 


♦Exception  calcium  sulfate 
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It  can  be  noted  that  at  the  highest  acid  concentration,  no  samples 
remained  unconverted.  Also  at  no  time  was  there  any  indication  of  reduction 
to  M^O^  or  some  lower  oxide. 

Based  on  the  assumption  that  gamma  and  rho  are  highly  distorted  or  strained 
phases  of  beta  a very  logical  progression  can  be  illustrated  as  in  Figure  #7. 

It  is  highly  possible  that  the  inherent  strains  or  distortion  in  the 
original  crystal  were  relieved  completely,  (formation  of  beta)  or  partially 
(formation  of  rho)  or  increased  (formation  of  a stronger  gamma  phase). 

However,  the  part  that  alpha  plays  in  this  progression  cannot  be  determined 
unless  the  unique  form  of  alpha  created  is  also  a member  of  this  family. 

Some  last  minute  work  has  been  attempted  in  a try  at  converting  pure 
phase  beta  material  to  gamma  by  the  use  of  FeClo  and  HC1  at  elevated  temperature. 
This  has  met  with  failure.  But  this  failure  in  itself  may  be  a further  answer 
in  that  the  extremely  stable  beta  phase  may  be  completely  lacking  in  voids 
or  channels  in  the  crystal  structure,  which  we  know  are  present  in  other 
structures.  This  lack  may  make  it  impossible  for  the  ferric  ion  to  get  a 
foothold  and  cause  a reverse  condition. 
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CONCLUSIONS 


1.  Delta,  epsilon  and  gaiama  A types  of  Manganese  dioxide  are  essentially 
useless  as  a depolariser  in  dry  batteries  unless  converted  to  a stable' phase* 

2*  Sanaa  B,  alpha,  rho  and  pyrolusite  or  beta  are  extremely  desirable 
as  depolarizers  in  a dry  battery.  However,  the  latter  two  are  rather  poor 
performers. 

3.  The  major  crystrallographic  change  in  nanganese  dioxide,  if  any, 
will  take. place  within  two  nonths  in  a battery  on  shelf. 

I*.  It  is  not  the  conversion  Material  itself  that  is  responsible  for 
poor  delayed  performance,  but  rather  the  inability  of  it  to  participate 
in  ths  discharge  reaction  due  to  loss  of  physical  contact  with  the  cartpn 
black. 

5.  Introduction  of  ions  into  Manganese  dioxide  plays  an*  important 
role  in  its  crystallographic  Make  up. 

6.  In  converting  Manganese  dioxide  by  introducing  ions,  it  is  possible 
to  control  the  end  product  by  selective  use  of  ions  and  acid  concentration. 

In  other  words,  it  is  possible  to  increase  or  decrease  the  amount  of  dis- 
tortion or  strain  within  a crystal. 

' 7.  It  is  possible  that  the  whole  crystallographic  Manganese  dioxide 
family  is  based  directly  on  the  beta  structure.  ‘ 
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FIGURE  1 (Cont 


Crystallographic  Progression  for  the  Various  Crystal  Phases  of  Manganese  Dioxide 

When  Placed  in  Contact  with  Battery  Electrolyte 

PHASE  DIAGRAM 
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FIGURE  5 


Light  Hydrate  Crystal  Structure  Change 


Light  Hydrate  Leached  at  90°C.  in.  solutions  with 
Adjusted  pH  of  3.5  to  lf.O.  pH  adjusted  with  dilute  hydrochloric  acid. 

Leaching  Solutions 

20$  NHj|Cl 

20 $ KC1 

h2o 

20$  ZnCl2 

Initial 

Structure 

Delta 

Delta 

Delta 

Delta 

Structure 
after  2lf.hr  s 
' in  solution 
@ 90°c. 

Epsilon  (major), 
some  delta 

Finely  divided 

epsilon  (major, 
some  delta 

some  delta, 

some  epsilon, 

fine  trace 8 
cryptomelane 

some  delta, 
finely  divid- 
ed crypto- 
melane (ma,1. .) 

Structure 
after  I4.8  hr 
in  solution 
90°C . 

Epsilon  (major), 
some  cry p tome lane 

Epsilon  (major, 
some  delta, 
very  minor 
cryp tome lane 

some  epsilon, 
Cryptomelane 
(major) 

finely 

divided 

cryptomelane 

Structure 
after  72  hr 
in  solution 
@ 90°C. 

Cryp  tome  lane 
(major) 

E’psilon  (major, 
some 

cryp tome lane 

Cryptomelane 

(major) 

fine  ly 

divided 

cryptomelane 

Chemical  Analysis  After  72  Hours  At  90°C. 

Density 

If. • 26  gms  ./  cu.in. 

10.1+1+  grams 
per  cu.  in. 

Mn  (dry) 

55*9  % 

53-3$ 

35*1% 

51.1$ 

Mn02  (dry) 

79*5  % 

82.4$ 

81+  .2$ 

78.6$ 

H2O 

3.1  $ 

10.96$ 

8.36$ 

l+.ol+$ 

Formula  of 

resulting 

ore 

MnOi.88 

Mn01.97 

Mn01.95 

Mn01#96 

Morphological 

Characteris- 

tics 

Bar -like 
Crystals 

Bar -like 
Crystals 

Bar -like 
Crystals 
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FIGURE  i|. 


LeChanche’  Type  nD"  Cells  Stored  at  a Temperature  of  l60°F. 


Book  ‘ 
No. 

Mix  Formulation 

Test  Results 

BA  30 

BA  8 

HK1KEIDSBM 

EBBS 

2 wks  . 
0 

@ 160F 

IBS 

2 wks . 
@ 160F 

Initial 
(hours ) 

2 wks . 
@ 160F 

B3327 

100$  Cry p tome  lane 
(Light  Hydrate) 
leached  in  HgO 
7. 25 /l-  ore /black 

* 

11.1 

dys. 

1*5 
dys . 

216 

hrs . 

5 64 

hrs . 

21*5 
hr3 . 

■ 

IB 

B333O 

30/  Cryptomelane 
(Light  Hydrate 
le ached  In  H2O) 
African  Ore 

7.25/I-  ore /black 

13  4 

- No 
Good 

175 

48.1 

17.7 

1.5 

B333U 

100/  Cryptomelane 
(Light  Hydrate 
leached  In  KC1  sol) 
7*25/1-  ore/black 

9*9 

7 

I89 

29*3 

22.0 

1.0 

B3337 

3 Ofo  ^ Crypt ome  lane 
(Light  Hydrate 
leached  In  KC1  sol) 
70$  African  Ore 
7*25/l-  ore/black 

13.5 

No 

Good 

190 

29.0 

22.3 

ip.o 

B3514-2 

30/  Cryptomelane 
(Light  Hydrate 
leached  in  HH|^C1) 
7Q$  African  Ore 
7.25/I-  ore/black 

12.3 

3.1 

125 

60.9 

15.5 

7.00 

B33^6 

100 % Cryptomelane 
(Light  Hydrate 
leached  In  ZnClg) 
7.25/1-  ore/black 

13.1 

170 

78.0  ‘ 

26.0 

9.8 

H 

30$  Cryptomelane 
(Light  Hydrate 
leached  in  ZnCl2) 
70$  African  Ore 

7.25/1-  ore/black 

15.0 

64 

198 

79.0 

16.6 
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FIGURE  6 

Curves  Based  on  Crystallographic  Data  on  the  Effeot 
of  Introducing  Various  Ions  Into  the  Crystal  Structure 
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(relative  amounts  of  phases  present  based  on  electron  diffraction) 
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FIGURE  6 (Cont.) 
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Crystal  Structure 

(relative  amounts  of  phases  present  based  on  electron  diffraction) 
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Part  III  - Separator  Materials 

It  is  known  that  the  voltage  drop  of  batteries  stored  under  tropical 
conditions  is  much  more  severe  than  the  voltage  drop  associated  with  batteries 
stored  at  poom  temperature.  Early  in  the  contract,  experiments  were  started 
to  determine  what  effect  conventional  starch  separators  had. on  the  delayed 
voltage  characteristics  of  batteries  placed  on  tropical  storage.  It  was 
known  that  African  ore  and  French  Ergogene  ore  do  not  lose  voltage  when  stored 
at  room  temperature  in  a sealed  glass  jar  as  a mix  with  Shawl nigan  black. 

This  had  been  tested  over  a considerable  period  of  time.  These  ores  were 
therefore  sleeted  for  preliminary  investigation.  Conventional  D size  cores 
were  tamped  from  the  ores.  Some  of  the  ores  were  stored  in  glass  jars  alone, 
others  were  cooked  in  starch  in  the  jar  without  a zinc  anode  present,  and 
others  were  assembled  into  cells  in  the  normal  manner. 

The  results  of  this  study  are  recorded  after  three  months  in  Figure  #1. 

The  data  indicate  a small  but  definite  voltage  drop  in  the  ore  mixes  - 
stored  by  themselves.  This  may  be  attributed  to  either  a reduction  in  the 
manganese  dioxide  caused  by  the  Shawinigan  black  or  a change  in  crystal 
structure  phase  resulting  from  the  elevated  temperatures. 

It  appears  from  this  work  that  for  a period  of  one  or  two  months  at 
113*F.  (depending  on  the  ore  evaluated)  that  both  a pH  change  and  reduction 
of  manganese  dioxide  must  be  responsible  for  the  voltage  decrease  in  cells 
of  normal  construction.  The  increase  in  pH  of  the  electrolyte  can  be 
attributed  to  the  corrosion  of  the  zinc.  However,  after  this  period  the  pH 
within  the  cell  reaches  a nearly  constant  level  and  reduction  of  the  manganese 
dioxide  by  the  starch  becomes  the  more  important  factor. 

Hypothetical  curves  for  this  analysis  are  shown  in  Figure  #2, 

To  make  certain  that  the  starch  itself  was  not  responsible  for  altering 
the  pH,  a blank  was  run  in  which  battery  electrolyte  and  starch  were  cooked 
together  at  a given  pH  and  then  stored  for  a period  of  two  months  at  113°F. 

It  was  found  upon  re-measuring  the  pH  that  no  appreciable  change  had  taken 
place.  Actually  the  pH  had  dropped  from  an  initial  value  of  3.6  to  a value 
of  3.2.  This  indicates  that  the  voltage  drop  of  the  manganese  dioxide  mixes 
stored  in  contact  with  the  starch  alone  was  due  entirely  to  the  reduction  of 
the  manganese  dioxide  by  the  starch.  Chemical  action  accelerated  by  high 
temperature  cause, s serious  voltage  drops  at  temperatures  of  130°F.  and  160°F. 
presenting  a serious  problem  to  high  storage  conditions. 

In  order  to  prove  that  a conventional  separator  will  Substantially  reduce 
the  voltage  of  manganese  dioxide,  the  individual  components  of  a paste 
separator  (corn  starch,  potato  starch,  flour,  and  electrolyte),  were  tested. 
Several  different  types  of  manganese  dioxide  (African  ore.  Baker’s  Analytical 
(pyrolusite),  Burgess  Chem  Ore,  Burgess  Electro  ore  and  cryptomelane  ore  made 
by  leaching  light  hydrate  in  20Jfc  zinc  chloride  solution)  were  used  in  these 
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tests  to  determine  if  the  structural  form  of  manganese  dioxide  contributed  in 
any  manner  to  the  amount  of  voltage  reduction. 

The  effect  of  separator  materials  was  tested  in  the  following  manner. 

Using  a conventional  electrolyte  as  a wetter,  cores  of  AA  size  were  made  froiq 
100$  mixes  (?/l  - ore/black)  of  the  five  manganese  dioxides  listed  above. 

The  separator  materials  being  tested,  namely,  corn  starch,  potato  starch, 
and  flour,  were  then  made  into  pastes  using  the  same  electrolyte  that  was 
used  as  a wetter  when  making  the  manganese  dioxides  into  mixes.  The  AA  cores 
were  placed  in  these  separator  pastes  in  glass  jars  and  the  pastes  gelled  by 
heating.  The  glass  jars  were  then  sealed  and  placed  in  storage  at  113°F. 

Glass  jars  were  used  in  order  to  eliminate  the  problem  of  pH  change  caused 
by  the  presence  of  a zinc  anode.  The  paste  gel  surrounding  the  AA  cores  was 
about  five  times  the  thickness  found  in  a conventional  cell.  This  thickness 
was  used  in  order  that  sufficient  separator  would  be  present  to  give  substantial 
evidence  of  reduction  in  the  voltage  of  manganese  dioxide.  Control  samples 
for  each  type  of  manganese  dioxide  were  also  stored  at  113°F.  The  control 
consisted  of  samples  of  the  individual  mixes,  stored  in  glass  jars,  i.e,  with 
only  electrolyte  present. 

The  voltage  of  the  different  samples  was  measured  initially  and  after 
three  days  at  70°F,  and  after  two  weeks  and  one  month  at  113°F.  The  table 
and  graphs  showing  one  month  reduction  in  voltage  of  these  samples  are  given 
in  Figure  #3*  While  Figure  0k  in  the  series  shows  voltage  reduction  at  the 
end  of  six  months  with  African  ore.  Data  accumulated  over  a twelve  month 
period  for  these  samples  are  given  in  Figure  #f>  along  with  the  graphic  chart 
of  the  effect  of  com  starch  samples  on  these  ores. 

These  results  show  that  a considerable  drop  in  voltage  is  caused  by  the 
materials  tested.  Greatest  reduction  in  voltage  is  evidenced  in  the  case  of 
the  flour  separator  while  potato  starch  appears  to  be  the  best.  The  graphs 
show  that  the  reduction  in  voltage  is  very  rapid  under  the  conditions  present 
over  the  first  part  of  the  storage  period  but  has  a tendency  to  level  out 
during  the  latter  part  of  the  storage  period. 

The  data  indicate  that  the  greater  the  degree  of  activation  of  the  man~ 
ganese  dioxide  the  greater  will  be  the  voltage  reduction  which  takes  place. 

For  example,  African  ore  stored  in  contact  with  corn  starch  underwent  a voltage 
decrease  of  0.22  volts,  while  Burgess  Electro  ore  underwent  a decrease  of 
0.38  volts  under  the  same  conditions.  The  initial  voltage  of  the  Burgess 
Electro  ore  sample  was  approximately  0.10  volts  above  the  initial  voltage  of 
the  African  ore  sample,  while  after  twelve  months  storage  at  113°F  it  was 
approximately  0.0£  volts  below  the  voltage  of  the  African  ore  sample. 

Starch  chemistry  indicates  that  once  oxidation  and  breakdown  of  the 
separator  material  begins,  it  continues  with  greater  ease.  A higher  voltage 
manganese  dioxide  should  therefore,  givd  rise  to  an  increased  initial 
oxidation  and  breakdown. 

The  voltage  readings  of  the  cores  in  contact  with  separator  materials 
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were  measured  in  the  following  Banner.  One  leg  of.  a modified  salt  bridge 
(see  Figure  !)  was  filled  with  the  same  electrolyte  used  in  the  samples,  and 
was  placed  in. contact  with  the  separator  materials  in  the  glass  jars.  The 
second  leg  of  this  salt  bridge  (containing  saturated  KC1  solution)  was  in 
contact  with  a calomel  half  cell.  A lead  wire  from  the  -calomel  cell  to  the 
negative  eaf  terminal  of  a potentiometer  and  a lead  wire  from  the  carbon  rod 
of  the  AA  core  in  contact  with  the  separator  material  to  the  positive  emf 
terminal  of  the  potentiometer  completed  the  circuit.  The  voltage  of  the 
manganese  dioxide  minus  that  of  the  calomel  cell  was  read  directly  on  the 
potentiometer,,  Thus  by  adding  the  voltage  of  the  calomel  cell  (0.2l<2V)  to 
the  reading  obtained  from  the  potentiometer,  the  voltage  of  the  manganese 
dioxide  was  obtained.  Since  the  potetiometer  used  was  a null  instrument, 
no  drain  was  put  on  the  sample.  Thus  readings  can  be  repeated  as  often  as 
desired  with  no  destructive  effects  to  the  samples. 

The  voltage  of  the  control  samples  was  measured  in  a slightly  different 
manner  since  they  were  stored  as  mixes  rather  than  as  tamped  cores.  The 
procedure  used  for  determining  the  voltage  of  these  control  samples  was  as 
follows.  A hole,  approximately  3/32*  in  diameter  and  l/8*  deep,  was  drilled 
in  a carbon  rod  and  a small  quantity  of  mix  solidly  tamped  into  this  cavity. 
This  rod  had  a brass  cap  on  the  other  end  to  insure  good  contact.  This 
assembly  was  then  pressed  tightly  against  an  absorbent  piece  of  Crocker-Burtiank 
tan  saturating  paper,  the  paper  first  having  been  saturated  with  the  electro-* 
lyte  used  to  wet  the  mixes  initially.  The  leg  of  the  modified  salt  bridge 
containing  electrolyte  was  also  pressed  against  the  saturated  paper  a slight 
distance  away  from  the  carbon  rod  assembly.  The  saturated  paper  made  a 
conductive  path  between  them.  The  measurement  of  the  voltage  of  the  sample 
was  then  carried  out  as  described  in  the  preceding  paragraph. 

A study  was  made  to  determine  if  the  starch  had  to  be  in  contact  with 
the  manganese  dioxide.  The  data  are  shown  in  Figure  6.  It  can  be  seen* that 
when  the  manganese  dioxide  was  separated  from^the  starch  by  an  electrolyte 
barrier  a smaller  decrease  in  voltage  resulted  than  when  the  starch  was  in 
direct  contact.  However,  this  difference  is  quite  small  when  compared  to 
the  overall  reduction  in  voltage  which  occurs.  The  study  definitely  shows 
that  the  starch  does  not  have  to  be  in  contact  with  the  manganese  dioxide 
in  order  4o  seriously  reduce  its  voltage  and  that  the  major  proportion  of 
the  voltage  reduction  is  caused  by  some  soluble  components  already  present 
in  the  siarch  or  by  some  component  formed  on  the  acid  action  of  the  electro- 
lyte on  the  starch. 

. A study  was  made  to  determine  the  effect  of  paste  thickness  on  the 
voltage  of  manganese  dioxide.  The  data  are  shown  in  Figure  7.  It  can  be 
seen  that  the  amount  of  reduction  in  voltage  varies  directly  with  the  paste 
thickness.  This  is  probably  due  to  a large  percentage  of  soluble  material 
being  present  due  to  the  extra  starch. 

Figure  8 is  a study  of  the  effect  of  varying  the  electrolyte  pH  on  the 
oxidation  of  flour  (manganese  dioxide  voltage  reduction)  when  stored  as  a 


SECURITY  INFORMATION 
RESTRICTED  . . 


SECURITT  INFORMATION 
RESTRICTED 


l6 


past*  in  contact  with  manganese  dioxide  at  113°F.  Control  samples  were  made 
by  wrapping  AA  site  cores  with  dynel  cloth  and  storing  ihem_in  an  electrolyte 
whose  pH  had  been  adjusted  by  the  addition  of  ammonium  chloride.  The  test 
samples  were  made  by  storing  AA  size  cores  in  a flour  paste  made  with  the  ad- 
justed pH  electrolyte.  Electrolytes  from  a pH  of  3i8  to  a pH  of  7.9  ware 
studied. 

As  would  be  expected;  the  initial  voltage  of  the  manganese  dioxide  decreases 
as  the  pH  rises.  After  six  months  of  storage  at  113°F.,  the  manganese  dioxide 
stored  in  contact  with  the  flour  s eparator  shows  the  greatest  voltage  reduction 
at  the  lowest  pH,  and  the  amount  of  reduction  decreases  as  the  pH  is  increased, 
as  illustrated  by  the  accompanying  chart.  The  formation  of  diamine  occurs 
at  about  pH  - J>.2  with  the  electrolyte  used. 

Above  the  pH  of  f>.2  the  voltage  reduction  is  essentially  constant.  The 
varying  pH  of  the  electrolyte  does  not  appear  to  significantly  affect  the 
voltage  reduction  of  the  control  samples. 

This  study  along  with  the  study  of  the  effect  of  electrolyte  pH  on  the 
voltage  of  -mine  indicates  the  cells  utilizing  a pH  adjusted  electrolyte  may 
have  benefits. 

The  fact  that  voltage  reduction  is  lower  at  a less  acid  pH  tends  to 
prove  that  at  least  some  of  the  voltage  reduction  is  due  to  components  formed 
by  the  acid  action  of  the  electrolyte  on  the  starch  molecule. 

The  search  for  a suitable  separator  included  a wide  variety  of  possible 
materials  which  were  tested  on  storage  at  113°F. md  160°F.  in  a manner 
previously  described  to  determine  the  extent  to  which  they  will  reduce  the 
manganese  dioxide. 

These  materials  included-  various  starches,  gums,  proteins  and  glutens. 

The  results  of  these  tests  whowfng  the'most  promising  materials  are  tabulated 
in  Figure  #9  for  U3°F.,  and  in  Figure  #10  for  l60°F. 

"The  proteins  and  glutens  were  tested  in  much  the  same  manner  as  the 
starch  materials.  Since  the  proteins  and  glutens  aim  for  the  most  part  only 
slightly  soluble  in  electrolyte,  a saturated  solution  (containing  about  l£ 
of  the  material)  was  made  up.  Double  AA  cores  were  tamped  from  an  African 
ore  mix  (7/l  ore/black)  and  wrapped  with  Dynel  cloth,  which  is  a non-woven 
fabric  having  no  reducing  affect  on  manganese  dioxide.  The  wrapped  cores 
were  then  placed  in  sample  bottles  containing  the  various  saturated  solutions 
and  placed  on  storage.  Results  indicate  that  the  proteins  and  glutens  (at 
least  in  the  amounts  used)  do  not  reduce  the  voltage  of  manganese  dioxide  as 
greatly  as  do  com  or  potato  starch.  In  addition,  both  proteins  and  glutens 
show  good  inhibiting  properties  and  it  . is  quits  possible  that  they  may  be 
incorporated  into  a separator  material. 

Those  of  a protein  nature  do  not  form  gels  and  therefore  it  would  be 
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necessary  to  us*  them  with  som*  other  separator  material,  probably  in  th* 
capacity  of  an  inhibitor. 

On  th*  basis  of  this  evaluation  work  a definite  correlation  can  be  set 
up  in  regard  to  the  materials  tested.  As  a result  th*  following  classifications 
can  be  used  in  regard  to  separator  materials. 

(a)  The  first  classification  is  headed  by  conventional  com  and  potato 
starches  and  Includes  those  materials  which  cause  a voltage  decrease  of 
approximately  0.2  to  0.25  volts  over  a period  of  one  year.  This  class 
includes  almost  all  of  the  various  starch  type  materials. 

(b)  The  second  classification  includes  the  various  flours  and  shows  a 
voltage -decrease  of  approximately  0.25  to  0.30  volts. 

(c)  The  third  classification  includes  materials  which  cause  comparatively 
little  voltage  reduction  during  the  storage  period.  This  classification  in- 
cludes such  materials  as  proteins,  glutens  and  most  of  the  gum  type  materials. 
These  materials  cause  a voltage  reduction  of  approximately  0.10  to  0.15  volts 
during  the  storage  period. 

The  above  classifications  are  based  on  the  results  of  twelve  months 
tests. conducted  on  separator  materials  in  contact  with  African  ore.  The  same 
classes  exifct  when  other  ores  are  used  but  will  vary  in  the  degree  of  voltage 
reduction. 
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Conclusions 

1.  Starch  and  flour  materials  substantially  reduce  manganese  dioxide. 

2.  Four  reduces  manganese  dioxide  more  than  starch. 

3.  The  voltage  reduction  of  a manganese  dioxide  when  stored  in  contact 
with  a conventional  separator  material  will  be  greater  as  the  degree  of 
activation  of  the  ore  is  increased. 

it.  Increasing  the  amount  of  starch  in  contact  with  manganese  dioxide 
increases  the  voltage  reduction  of  the  ore. 

5.  If  the  pH  of  the  electrolyte  used  in  a starch  paste  is  increased, 
the  percentage  of  voltage  drop  in  manganese  dioxide  is  decreased  until  the 
pH  at  which  diammine  forms  is  reached.  After  this  point  the  reduction  is 
essentially  constant  with  a pH  rise. 

6.  Most  starch  materials  will  not  retain  their  gel  structure  when 
stored  as  paste  mixture  in  contact  with  manganese  dioxide  for  extended 
periods  at  160°F. 

7.  The  reduction  in  voltage  of  manganese  dioxide  when  stored  in  contact 
with  starch  is  due  to  some  soluble  product  initially  present  in  the  starch 
and/or  some  product  formed  by  the  acid  action  of  the  electrolyte  on  the 
starch. 

8.  Reduction  in  voltage  of  manganese  dioxide  due  to  starch  oxidation 
is  rapid  during  the  early  portions  of  storage  (one  month  '*t  113°F.  and  two 
weeks  at  160°F),  The  voltage  tends  to  level  out  with  little  change  in  the 
later  stages  of  storage. 
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FIGURE  1 


Manganese  Dioxide  Voltage  Decrease  Duo  To  Oxidation  Of  Starch  Separator 


Voltage  Results -Average  of  ghree  Readings 
All  roadings  made  at  'JO  F. 
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FIGURE  1 (Cont.) 


Manganese  Dioxide  Voltage  Decrease  Due  To  Oxidation  Of  Starch  Separator 
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FIGURE  2 


Theoretioal  Curves  of  Voltage  Decrease  Due  to  the 
Effect  of  Starch  Oxidation  and  the  Change  of  pH* 


Curve  No.  1 - Voltage  decrease  due  to  the  change 
of  pH  (corrosion). 

Curve  No*  2 - Voltage  decrease  due  to  oxidation 
of  starch  only  - normal  starch 
separator  thickness  (no  pH  faotor)* 

Curve  No*  5 - Voltage  decrease  due  to  ohange  in 
pH  plus  voltage  decrease  due  to 
oxidation  of  starch  - (normal  oell) 

Curve  No*  4 - Voltage  decrease  due  to  oxidation 
of  starch  only  - excess  starch 
(no  pH  factor)* 
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FIGURE  2 (Cont.) 


3 sv as oa a asvnoA  jo  s-lino 


Security  Information 
Re  s trio  tad 


MONTH  2 MONTHS  3 MONTHS 


Restricted 
Security  Information 


FI  CURL.'  $ 


Study  of  Voltage  Decrease  of  Depolarizer  Mixes  Duo  to  the  Oxidation  and 

Breakdown  of  Separator  Materials 


Depolarizer 

Mix 

Separator 

Materials 

Voltage  Readings 

Voltage 
Orop  Aftej 
1 month 

Initial 

3 days 
70°F. 

2 weeks 
(si  113°F. 

1 month 
@ 113°F. 

100# 

African 

Oro 

0.920  v. 



0 . 9ilp  v. 

0.006  V. 

Corn  starch 

0.920  V. 

0.863  v* 

0.812  V. 

0.800  v * 

0.120  v. 

Potato 

Starch 

0.920  V. 

0.881;  v. 

0.821  V. 

O.805  v* 

0.115  V. 

Flour 

1 

O.788  V. 

— ■w-'-  — 

0.72i{.  v. 

O.72I;  V. 

O.I96  V. 

100# 

O.89I4.  V. 

0.001  v. 

Corn  starch 

0.895  v. 

0.812  v. 

\ 

O.736  V. 

0.716  V. 

O.I79  V. 

Bakers 

Pyroluscite 

Potato 

Starch 

O.895  v. 

O.856  V. 

O.776  V. 

O.7I4-O  V. 

O.I55  v. 

Flour 

0.895  v. 

0.775  V. 

O.695  V. 

0 . 673  v . 

.0.222  v. 

100# 
Burge a 3 
Chom . Ore 

Control-only 

Electrolyte 

0.995  ▼ • 

0.980  V. 

0.015  V. 

Corn  starch 

O.995  v* 

0.902  v. 

O.789  V. 

O.7I1J1  V. 

0.2li-9  v. 

Mgsgofni 

O.995  v. 

0.922  V. 

O.Bol;  v. 

0.750  V.. 

0.21+5  v. 

Iffll 

0.815  V. 

0.686  v. 

0.665  v» 

0 .53O  v . 

100# 
Burgess 
Electro  Oro 

Control-only 

Electrolyte 

1.025  V. 

1.025  V. 

0.000  v. 

Corn  starch 

1.025  V. 

0.957  V. 

O.816  V. 

0.756.  V. 

0.269  V. 

Potato 
s torch 

1.025  V. 

0.982  V. 

0.812  V. 

0.762  V. 

O.263  V. 

Flour 

1.025  V. 
0.962  V. 

0.855  V. 

O.75U  V. 

0.681;  v. 

O.3IJ.I  V. 

100# 

Cryp tome lane 

Control -only 
Electrolyte 

O.93I  V. 

O.O3I  V. 

Corn  starch 

0.962  V. 

0.855  V. 

O.738  V. 

0.705  V. 

O.257  v. 

( I;  t • My  0.1'  £t  1 0 
lonchcd  In 
20#ZnCl2  sol 



0.962  V. 

0.761  V. 

■ 

0.292  V. 

Flour 

0.962  V. 

0.686  v. 

0.292  V. 
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FIGURE  3 (Oont . ) 


The  voltage  of  Mangaiese  Dioxides  in  Contact  with  Separator 
Materials  versus  Storage  Time  at  113°F. 


Curve  Mo.  1 - Control,  manganese  dioxide  mix  ( 7/1 -ore /black) 
Stored  in  contact  with  electrolyte  only. 

Curve  No.  2 - Manganese  dioxide  mix  (7/l-oro/black)  stored  In 

~ 

contact  with  a corn  starch-electrolyte  gel. 

Curve  No.  3 - Manganese  dioxide  mix  (7/l-ore/black)  stored  in 
contact  with  a potato  starch-electrolyte  gel* 

Curve  No.  if.  - Manganese  dioxide  mix  (7/l-ore/black)  stored  in 
contact  with  a flour-  electrolyte  gel* 
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FIGURE  5 (Cont.) 


Voltage  of  African  Ore  In  Contact  with  Separator 


Materials  vs.  Storage  Time. 


AT  1 1 3*  F AT  II2TF 


STORAGE  TIME 
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Voltage  of  African  Ore  in  Contact  with  Separator 
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Study  To  Determine  If  Starch  Must  Be  In  Contact  with  Manganese 
Dioxide  In  Order  To  seduce  The  Voltage  Of  The  Manganese  Dioxide 


Sample 

No. 

Method  of  Testing 

Voltage  of  sample  after  storage 

Initial 

1 mo.  at 
113°F. 

Voltage 

Reduction 

0 

Control  - Direct  contact 
between  starch  and  manganese 
dioxide  (African  ore) 

0.920  v. 

0.765  v. 

0.155  v. 

1 

Starch  separated  from 
manganese  dioxide  by 
Dynel  cloth  and  an 
electrolyte  barrier 

0.920  v. 

0.784  v. 

0.136  v. 

2 

0.920  v. 

0.783  v. 

0.137  v. 

3 

0.920  v. 

0.807  v. 

0.113  v. 

4 

Manganese  dioxide  in  contact 
with  electrolyte  only. 

0.920  v. 

0.914  v. 

0.006  v. 
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FIGURE  7 


Study  Of  The  Effect  Of  Paste  Of  Varying  Thicknesses  On  The 
Voltage  Of  Manganese  Dioxide 


Sample 

No. 

Core 

Diameter 

Paste 

Thickness 

Ore 

Tested 

Voltage  of  sample 

Amount  of 
reduction  in 
voltage 

Initially 

1 month  at 
113°F 

1 

0.093  in. 

Africa! 

Ore 

1 0.920  v. 

0.814  v. 

0.106  v. 

2 

0.375  in. 

0.156  in. 

»• 

0.920  v. 

IPP 

3 

0.375  in. 

0.18Q  in. 

II 

0,920  v. 

WBBSBSKM 

4 

0.375  in. 

0.281  in. 

II 

0.920  v. 

0.780  v. 

0.140  v. 

5 

-HESS IB 

0.438  in. 

ft 

0.920  v. 

K 

0.148  v.  _ 

6 

0.375  in. 

0.531  In. 

II 

0.920  v. 

0.766  v. 

0.155  v. 
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FIGURE  8 


Effect  Of  Electrolyte  pH  On  The  Oxidation  Of  Flour  Paste  When 
Stored  Aa  a Paste  In  Contact  With  Manganese  Dioxide  At  113°F. 


Electrolyte 

Formulation 


Ore  Tested 


24.0#  NH4CI;  22.5#  ZnCl2J  53.5#  II2O 
(Composition  by  weight) 

NII4OH  added  to  bring  about  pH  rise 


Burgess  Electro  ore  mix  as  "AA"  cores 


Voltage  of 

sample 

Initial 

6 months 

1.024  v. 

0.652  v. 

1.062  v. 

1.004  v. 

0.988  v. 

0.645  v. 

1.038  v. 

1.002  v. 

0.950  v. 

0.640  v. 

0.996  v. 

0.996  v. 

0.875  v. 

0.635  v. 

0.993  v. 

0.961  v. 

0.831  v. 

0.628  v. 

0.935  v. 

0.954  v. 

0.853  v. 

0.620  v. 

0.971  v. 

0.965  v.- 

0.834  v. 

0.561  v. 

0.922  v. 

0.959  v. 

0.685  v. 

0.485  v. 

0.645  v. 

0.472  v. 

0.692  v. 

0.739  v. 

Sample  pH  of 
No.  Electrolyte 


3.80 


3.80 


6.25 


7.20 


7.20 


7.50 


7.50 


7.90 


7.90 


Separator 

Material 


Flour  Paste 


Control  - Electro' 
lyte  only 


Flour  Paste 


Control 


Flour  Paste 


Control 


Flour  Paste 


Control 


Flour  Paste 


Control 


Flour  Paste 


Control 


Flour  Paste 


Control 


Flour  Paste 


Control 


Flour  Paste 


Control 


Voltage 

{eduction 


0.372  v. 


0.058  v. 


0.343  v. 


0.006  v. 


0.310  v. 


0.000  v. 


0.240  v. 


0.032  v. 


0.203  v. 


0.006  v. 


0.273  v. 


0.200  v. 


0.173  v. 


Security  Information 
Restricted 


»*»} 

n 

n 

E 

n 

n 

D 

o 

D 

n 


i i 

i ! 

n 

o 


Restricted 

Security  Information 


Security  Information 
Po.atrintp.d 


OF  ELECTROLYTE 


Restricted 
Security  Information 


FIG UR ^ 9 


Effect  of  Separator  i.  aterials  on  the  Voltage  of  Manganese 
Dioxide  ..'hen  Stored  in  Contact  at  115°F. 


Voltage  oi 

? sample 

Voltage 

Reduction 

oepardoor  i*»a oeriaxs 

Initial 

12  months 

Corn  Starch 

0.920  v. 

0.702  v. 

0.218  v. 

Potato  Starch 

0.920  v. 

0.722  v. 

0.198  v. 

Hubinger’s  O.K.  Thin  Boiling  #20  Starch 

0.920  v. 

0.692  v. 

0.228  v. 

Hubinger's  O.K.  Waxy  Sorghum  Starch 

0.920  v. 

0.690  v. 

0.230  v. 

Staley  Special  Battery  Starch 

0.920  v. 

0.692  v. 

0.228  v. 

P.F.  Powder 

0.920  v. 

0.690  v. 

0.230  v. 

Ground  Starch  Sponge 

0.920  v. 

0.722  v. 

0.198  v. 

SD-12 

0.920  v. 

0.700  v. 

0.220  v. 

Northern  Refined  Flour 

0.920  v. 

0.708  v. 

0.212  v. 

Hallmark  Powdered  Potato  Starch 

0.920  v. 

0.726  v. 

0.194  v. 

Hallmark  SDSL 

0.920  v. 

0.712  v. 

0.208  v. 

Hallmark  SDS 

0.920  v. 

0.703  v. 

0.217  v. 

Hallmark  Powdered  Wheat  Starch 

0.920  v. 

0.710  v. 

0.210  v. 

Paygel  P Wheat  Starch 

0.920  v. 

0.708  v. 

0.224  v. 

STLM 

0.920  v. 

0.725  v. 

0.195  v. 

Shopal  #8 

0.920  v. 

0.687  v. 

0.233  v. 

Hallmark  Sago  Base  Starch 

0.920  v. 

0.715  v. 

0.205  v. 

Hygrade  Ivlaris 

0.920  v. 

0.713  v. 

0.207  v. 

Saliocca  without  wheat 

0.920  v. 

0.708  v. 

0.212  v. 

Saliocca 

0.920  v. 

0.672  v. 

0.248  v. • 

Special  Powder 

0.920  v. 

0.700  v. 

0.220  v. 

Hubinger's  O.K.  Powdered  Starch 

0.920  v. 

0.703  v. 

0.217  v. 

B2455  P Wheat  Starch 

0.920  v.' 

0.711  y. 

0.209  v. 

Dry  Flo 

0.920  v. 

0.732  v. 

0.188  v. 

Flogel  #20 

0.920  v. 

0.728  v. 

0.192  v. 

Nalex  #15 

0.920  v. 

0.715  v. 

0.205  v. 

Flogel  #75 

0.920  v. 

0.722  v. 

0.198  v. 

Amioca  #85 

WBBSBm 

0.195  v. 

Denatured  Gluten 

0.920  v. 

0.759  v. 

0.161  v. 

Clear  Flo  L 

0.920  v. 

0.748  v. 

Santocel  C 

0.920  v. 

0.823  v. 

0.097  v. 
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' Separator  Late rial 

Voltage  of  sample 

Voltage 

Initial 

12  months 

Reduction 

Special  ..heat  l'rotein  R2F-570 

0.920  v. 

0.777  v. 

0.143  v. 

Cloar  Flo  H 

0.920  v. 

0.773  v. 

0.147  v. 

furacol  RISC  - 425 

0.920  v. 

0.735  v. 

0.185  v. 

irotein  #3323 

0.920  v. 

0.760  v. 

0.160  v. 

^vitalized  Wheat  Oluton 

0.920  v. 

0.770  v. 

0.150  v. 

Trlticote  #Q7 

0.920  v. 

0.744  v. 

0.176  v. 

Special  Wheat  Irotein  R2E-1301 

0.920  v. 

0.750  v. 

0.170  v. 

Flour ' 

0.920  v. 

0.664  v. 

0.256  v. 

Soya  Flour 

0.920  v. 

0.600  v. 

0.320  v. 

Melamine  Starch 

0.920  v. 

Bimwi 

0.267  v. 

Formalin-Urea  Starch 

0.920  v. 

0.650  v. 

0.270  v. 

Formalin' Starch 

0.920  v. 

0.653  v. 

0.267  v. 

Restricted 
docurity  Information 


Restricted 
Security  Information 


r 

*w 


FIGURE  9 (cont.) 

Separator  Material 
Te  s te  d 

Voltage  of  sample  after  storage 

Init. 

1 mo. 

3 mos. 

9 mos. 

9-D-138  Modified  Tapiocca 

0.920 

0.768 

gg 

Hallmark  - Sago  Ease  St. 
( Stein-Hall  Co.  ) 

0.920 

0.792 

0.755 

0.731 

Hubinger's  O.K. 
powdered  Starch 

0.920 

0.790 

0.772 

0.754 

0.723- 

B-2455  Wheat  Starch 
(General  Mills  inc. ) 

0.920 

0.791 

0.772 

0.759 

Starch  xR-32 
(Corn  Products  Co.) 

0.920 

0.812 

0.795 

0.774 

SH-11 

(Stein-Hall  Co.) 

0.920 

l 

0.836 

0.807 

0.778 

Clear  Flo  L 
(National  Starch  Co.) 

0.920 

0.844 

0.827 

0.815 

Clear  Flo  H 
(National  Starch  Co.) 

0.920 

0.860 

0.847 

0.830 

Dry  Flo 

(National  Starch  Co. ) 

0.920 

0.822 

0.796 

0.758 

ARD  - 162 

(American  Maize  Products) 

0.920 

0.833 

0.814 

0.786  . 

Pearl  Corn  Starch 
(American  Maize  Products) 

0.920 

0.832 

0.809 

0.786 

Gelex 

(American  Maize  Products) 

0.920 

0.828 

0.816 

0.802 

IV- 11  Starch 

(American  Maize  Products) 

0.920 

0.833 

0.808 

0.780 

Flogel  75 

(National  Starch  Co.) 

0.920 

0.820 

0.803 

0.779 

Flogel  20 

National  Starch  Co. ) 

0.920 

0.825 

0.800 

0.780 

Nalex  15 

(National  Starch  Co.) 

0.920 

0.816 

0.795 

0.768 
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Sample 

No. 

Separator  Material 
Tested 

Voltage  of  sample  after  storage 

Init. 

1 BlSI 

3 mos. 

IlSllS 

42 

Globe  Pearl  'Starch 
(♦Corn  Products  Co.) 

0.920 

0.824 

0.808 

0.784 

43 

Amigold  Yellow  Corn  Flour 
(Corn  Products  Co.) 

0.920 

0.823 

0.807 

0.788 

44 

Carboxy  Re  thy  1 Starch. 

0.920 

0.789 

0.770 

0.765 

45 

APCG 

(Stein-Hall  Co.) 

0.920 

0.810 

0.804 

0.798 

46 

liar  ay  a Gum 
(Stein-IIall  Co.) 

0.920 

0.866 

0.867 

0.857 

47 

Tragacanth  Gum 
(Stein-Hall  Co.) 

0.920 

0.810 

0.792 

0.773 

48 

RST  Starch 
‘ ( A.  E. Staley  Co. ) 

0.920  ' 

0.843 

0.813 

0.787 

49 

1.0  Pa3  Starch 
(a.E. Staley  Co.) 

0.920 

0.843 

0.813 

0.785 

50 

0.5  Pa4  Starch 
(A.E. Staley  Co.) 

0.920 

0.846 

0.813 

0.783 

51 

Argo  Brand  Zein 
(Corn  Products  Co.) 

0.920 

0.855 

0.845 

0.830 

52 

A-21-S  Wheat  Starch 
(General  Mills  Inc.) 

0.920 

0.805 

0.795 

53 

A-22  Purified  Wheat  Starch 
(General  Mills  Inc.) 

0.920 

0.806 

0.799 

54 

Corn  Steep  Liquor 
(A.E. Staley  Co.) 

0.920 

0.796 

0.790 

0.786 

55 

Special  Nutrient  #22 
( A. S.' Staley  Co.) 

0.920 

0.798 

0.793 

0.787 

56 

Special  Nutrient  #165 
( A. E., Staley  Co. ) 

0.920 

0.800 

0.796 

0.795 
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FIGU.ua  10 

Study  of  Separator  Materials  Vhich  Have  Shown  Promise  During 
Storage  at  160°  F. 


Mix  Formulation 

Ore /Black  - 7/1 

Electrolyte 

Formulation 

24.0/6  NH4CI  ; 22.5>o  SnCl2  ; 53.5/o  H2O 
(Composition  by  weight) 

Storage 

Conditions 

Sealed  glass  jars  - thus  eliminating  the 
presence  of  zinc  - Samples  stored  at  160°F. 

Separator  Thickness 

0.438  inch 

Ore  Tested 

African  ore 

Sample 

Ho. 

Separator  Material 
Tested 

Voltage  of  sample  after  storage 

Init. 

2 weeks 

4 weeks 

6 weeks 

0 

Control  - Electrolyte 

0.901  v. 

0.851  v. 

0.847  v. 

0.837  v. 

1 

Corn  Starch 

0.901  v. 

\ 

0.685  v. 

No  gel  structure 
at  4 weeks 

2 

Staley's  Special  Battery 
Starch  (A.  IS.  Staley  Co.) 

0.901  v. 

0.725  v. 

No  gel  structure 
at  4 weeks 

3 

P.  F.  Powder 
(American  Maize  Prod.) 

0.901  v. 

0.718  v. 

No  gel  structure 
at  4 weeks 

4 

SD-12 

(Stein-Hall  Co.) 

0.901  v. 

0.714  v. 

No  gel  structure 
at  4 weeks 

5 

Staley's  Battery  Starch 
( A.  IS.  Staley  Co.) 

0.901  v. 

0.717  v. 

0.669  v. 

0.613  v. 

6 

Melamine  Starch 

0.901  v. 

0.672  v. 

0.659  v. 

0.642  v. 

7 

Paygel  P - Wheat  Starch 
(General  Mills  Inc.) 

0.901  v. 

0.713  v. 

No  gel  structure 
at  4 weeks 

8 

Shopal  //8 
( Stein-Hall  Co. ) 

0.901  v. 

0.781  v. 

No  gel  Structure 
at  4 v/eeks 

9 

Hallmark  Sago  Base 
Starch  (Stein-Hall  Co.) 

0.901  v. 

0.735  v. 

No  gel  structure 
at  4 v/eeks 

10 

Saliocca  without  wheat 

0.901  v. 

0.718  v. 

No  gel  structure 
at  4 weeks 
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PI GU HE  10  ( cont. ) 


Sample 

No. 

Separator  Material 
Tested 

Voltage  of  sarnnle  after  storage 

Initial 

2 weeks 

4 weeks 

6 weeks 

11 

Saliocca  with  wheat 

* 

0.901  v. 

0.717  v. 

No  gel  structure 
at  4 weeks 

12 

Ilubinger’s  O.K.  Powdered 
Starch 

0.901  v. 

0.726  v. 

No  gel  structure 
at  4 weeks 

15 

Globe  Pearl  Starch 
(Corn  Products  Co.) 

0.901  v. 

0.717  v. 

0.665  v. 

Ho  gel 
left 

14 

Plogel  ?/20 

(National  Starch  Co.) 

0.901  v. 

0.714  v. 

No  gel  structure 
at  4 weeks 

15 

Plogel  // 75 

(National  Starch  Co.) 

0.901  v. 

0.713  v. 

No  gel  structure 
at  4 weeks 

16 

ARD-162 

(American  Raize  Prod.) 

0.901  v. 

0.720  v. 

No  gel  structure 
at  4 weeks 

17 

.Pearl  Corn  Starch 
(American  Raize  Prod.) 

0.901  v.' 

0.716  v. 

No  gel  structure 
at  4 weeks  j 

18 

Polyvinyl  Alcohol  - 
high  viscosity 

0.920  v. 

0.816  v. 

0.805  v. 

0.806  v. 

19 

Car boxy  Methyl  Cellulose 
low  viscosity 

0.920  v. 

0.816  v. 

0.810  v. 

No  gel 
left 

20 

Karaya  Gw 
(Stein-Harl  Co.) 

0.920  v. 

0.839  v. 

No  gel 
left 

21 

Tragacanth  Gum 
(Stein-Hall  Co.) 

0.920  v. 

0.716  v. 

0.700  v. 

No  gel 
left 

22 

’ft ST  Starch 
(A.E. Staley  Co. ) 

0.920  v. 

0.755  v. 

0.661  v. 

0.658  v. 

23 

1.0  Pa3  Starch 
( A.E. Staley  Co.) 

0.920  v. 

0.753  v. 

0.660  v. 

0.652  v. 

24 

0.5  P.a4  Starch 
(A.E. Staley  Co.) 

0.920  v. 

0.753  v. 

0.659  v. 

0.650  v. 

25 

Guar  Gum 

(General  Mills  Inc.) 

0.920  v. 

0.744  v. 

Ho  gel  structure 
at  4 weeks 

26 

Argo  Brand  ^ein 
(Corn  Products  Co.) 

0.920  v. 

0.856  v. 

0. 806  v. 

0.764  v. 
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FIGURE  10  ( cont.  ) 


Sample 
1*  o • 

Separator  Material 
Tested 

Voltage  of  sample  after  storage 

Initial 

2 weeks 

4 weeks 

6 weeks 

27 

Corn  Steep  Liquor 
(a.E. Staley  Co.) 

0.920  v. 

0.795  v. 

0.765  v. 

0.716  v. 

28 

Special  Nutrient  // 22 
( a. E. Staley  Co.) 

0.920  v. 

0.804  v. 

0.775  v. 

0.764  v. 

29 

Special  Nutrient  ,/165 
(a. E. Staley  Co.) 

0.920  v. 

0.800  v. 

0.771  v. 

0.764  v. 

50 

A-21-S  Wheat  Starch 
(General  hills  Inc.) 

0.901  v. 

0.720  v. 

0.645  v. 

0.656  v. 

31 

A22  furified  Wheat 
Starch  (General  Mills) 

0.901  v. 

0.717  v. 

0.653  v. 

0.636  v. 

32 

B2455  'Wheat  Starch 
(General  Mills  Inc.) 

0.901  v. 

0.710  v. 

0.650  v. 

0.640  v. 
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FIGURE  10 (con1 t) 


Samole 

No. 

Separator 

Material 

Tested 

Ore 

Tested 

Voltage  of  sample  after  storage 

Initial 

2 wlc  3 • 
at  160°F 

4 wks. 

at  160°F 

6 wks. 
at  160°F 

32A 

IJ$lex  #15 
(National  Starch 
Company) 

African 

ore 

0.901  v. 

No  gel  structure  at 
2 weeks 

33A 

Flogel  #75 
(National  Starch 
Company) 

African 

ore 

0.901  v. 

0.713  v. 

No  gel  structure 
at  4 weeks 

34A 

Waxy 

Maize 

African 

ore 

0.901  v. 

No  gel  structure  at 
2 weeks 

35A 

w-ii 

(Amor.  Maize 
Products) 

African 

ore 

0.901  v. 

No  gel  structure  at 
2 weeks 

36A 

Gelex 

(Amer.  Maize 
Products) 

African 

ore 

0.901  v'. 

No  gel  structure  at 
2 v/eeks 

37  A 

ARD-162 
(Amer.  Maize 
Products) 

African 

ore 

‘ 

0.901  v. 

0.720  v. 

No  gel  structure 
at  4 v/eeks 

38A 

Pearl  Corn 
Starch 

African 

ore 

0.901  v. 

0.716  v. 

No  gel  structure 
at  4 weeks 

39A 

Control 

(Electrolyte 

only) 

Baker ' s 
Anal. 
I/inOg 

0.874  v. 

0.855  v. 

, 

0,849  v. 

0.831  v. 

40A 

Corn  Starch 

Baker' s 
Anal. 
MnOg 

0.874  v. 

0.645  v. 

0.611  v. 

0.600  v. 

41A 

Potato  Starch 

Baker ' s. 
Anal. 
MhO  2 

0.874  v. 

0.647  v. 

0.632  v. 

0.520  v. 

42A 

Flour 

Baker' s 
Anal. 
MnOg 

0.874  v. 

No  gel  structure  at 
2 v/eeks 

I 

i 
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Sample 

No. 


Separator 

Material 

Tested 


Control 

(Electrolyte 

only) 


Corn  Stanch 


45A  Potato  Starch 


Flour 


Control 

47A  (Electrolyte 
only) 


48A  Corn  Starch 


49A  Potato  Starch 


Flour 


Control 

51A  (Electrolyte 
only) 


52A  Corn  Starch 


53A  Potato  Starch 


54A  Flour 


FIGURE  10 ( con ' t 


Voltage  of  sample  after  storage 


Ore 

Tested 


Burgess 

Chem. 


Burge  s s 
Chem. 


Burge  s s 
Chem. 


Burgess 

Chem. 


2 vvlcs.  4 wks.  6 wlcs. 

at  160°F  at  160°F  at  160°F 


1.010  v.  0.943  v.  0.927  v.  0.898  v. 


1.010  v. 


1.010  v. 


1.010  v. 


0.632  v.  Sel  structure 

at  4 weeks 


No  gel  structure  at 
2 weeks 


No  gel  structure  at 
2 weeks 


Electro  1*055  v.  1.001  v.  0.961  v.  0.943v. 


Burgess  ..  „„  ~ C/ir  No  gel  structure 

Electro  1’055  v*'  °*646  v*  at  4 weeks 


Burgess  , ncc  ,,  No  gel  structure  at 
Electro  * * 2 weeks 


Burgess  No  gel  structure  at 

Electro  1*055  v.  g weeks 


Crypt.  0.944  v. 

(Lt.  Hyd. ) 

leached  

in 

ZnCl2  0.944  v. 

solution  

0.944  v. 
0.944  v. 


0.632  v. 


0.632  v. 


0.814  v. 

0.801  v. 

0.612  v. 

0.535  v. 

No  gel  structure 
at  4 weeks 

No  gel  structure 
at  4 weeks 
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Part  IV  - Pip«r  Coated  Separators 

Many  stadias  vara  conductad  in  this  project  to  datarnina  what  effect  a 
conventional  separator  aatarial  has  on  tha  yoltaga  reduction  of  manganese 
dioxide.  Considerable  data  have  been  collected  to  prove  that  a conventional 
separator  substantially  reduces  the  voltage  of  a manganese  dioxide  ore.  Of 
the  vail oos  types  of  materials  tested,  proteins,  glutens  and  most  gun  type 
materials  caused  the  smaller  voltage  reduction. 

However,  as  this  class  of  material  cannot  be  handled  in  the  conventional 
manner  (due  to  the  lack  of  gel  formation),  considerable  effort  was  put  on  the 
study  and  use  of  paper-coated  separators.  A's  this  study  has  many  different 
and  unique  features  it  is  reported  here  separately  in  order  to  deafly  establish 
this  particular  work. 

The  preliminary  step  in  this  new  phase  of  work  in  separators  was  to  order 
a paper  coating  machine.  A paper  guming  machine  which  can  be  adapted  for 
coating  paper  was  obtained  from  the  New  Jersey  Machine  Corporation  of  Hoboken, 
New  Jersey.  The  machine  did  not  arrive  until  May  7,  193>3  which  caused  con- 
siderable delay  in  the  accomplishment  of  this  work.  In  the  meantime,  back- 
ground work  was  started  in  regard  to  this  investigation  by  fabricating  and 
testing  cells  made  from  Eve  ready  methyl  cellulose  paper  as  a separator. 

With  the  arrival  of  the  machine,  preliminary  trial  runs  were  made  in 
order  to  establish  sound  procedures  in  regard  to  coating  the  paper  with,  the 
separator  material.  A roll  of  Nibroc  Kraft  Water  Paper  was  obtained  win  which 
to  apply  the  various  materials.  It  was  found  that  two  coatings  applied  a 
film  slightly  over  1001*  giving  a combined  paper  thickness  of  .OOU*. 

As  soon  as  familiarity  with  the  coating  machine  was  achieved,  paper  was 
coated  using  Carboxy  Methyl  Cellulose  Gums,  Polyvinyl  alcohol  and  various 
other  gum  products.  The  materials  were  prepared  for  coating  by  dissolving 
in  distilled  water  in.  percentages  ranging  from  1%  to  1(#  by  weight  until  a 
fairly  fluid  solution  was  prepared.  The  solutions  were  desired  in  this  fluid 
state  to  allow  even  flow  and  thickness  when  applied  to  the  paper.  The  paper 
when  dried  was  then  cut  into  squares  3^"  x h",  wrapped  on  a hand  mandrel, 
the  bottom  folded  over,  and  lined  into  the  sine  cans  for  fabrication  into 
dry  cells.  The  paper  was  inserted  into  the  cans  by  the  use  of  liner  mandrels 
approximately  1- 7/6)4*  diameter. 

Certain  problems  were  encountered  initially  in  regard  to  the  ^fabrication 
of  paper  lined  cells.  Basically  they  are  as  follows s 

(a)  Type  of  can  construction  and  seal  to  be  used. 

(b)  Method  of  tamping  mix  and  the  addition  of  the  depolarizer  to  the 
paper-lined  cans. 

(c)  Proper  amount  of  mix  weight  desirable  in  this  type  of  cell. 
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(d)  Proper  degree  of  mix  wetness  satisfactory  for  storage  at  elevated 
temperatures. 

In  regard  to  the  problem  of  can  construction,  it  was  finally  decided 
that  a standard  leakproof  assembly  would  provide  the  most  optimum  conditions 
for  this  type  of  work.  This  consists  of  a flat^bottom  zinc  leakproof  can 
with  a high  resistant  polystyrene  cap  and  a polyethylene  gasket  as  a seal. 

The  gasket  was  stamped  out  of  polyethylene  sheets  approximately  l£*  in 
diameter.  Several  new  tools  were  required  in  order  to  insure  proper  speci- 
fications for  the  leakproof  cell.  These  tools  consisting  of  a tamping  rod, 
pencil  guides  and  liner  rods  were  made  of  a hard  rubber  composition. 

After  several  experimental  runs  it  was  decided  that  the  best  procedure 
was  to  tamp  a mix  slug  of  from  sixty  to  sixty-five  grams,  long  by  1.029* 

in  diameter.  These  slugs  were  then  placed  in  the  previously  lined  cans  and. 
retamped  with  a tamping  rod  which  is  1.113"  in  diameter.  An  adjusted  stop 
on  the  arbor  press  regulated  the  final  core  height  at  1=5/8". 

The  carbon  rod  was  inserted  into  the  depolarizer  with  the  use  of  a pencil 
guide  which  measures  1.131*  in  diameter.  Finally,  the  excess  paper  was  folded 
down  and  pressed  over  the  depolarizer  and  around  the  carbon  rods  by  exerting 
slight  pressure  on  the  pencil  guide.  The  small  compression  brings  contact 
between  the  depolarizer,  separator  and  zinc  can  by  squeezing  electrolyte  out 
of  the  mix,  and  wetting  the  paper  separator  which  results  in  proper  conductance 
within  the  cell.  Complete  specifications  for  the  various  tools  and  materials 
used  are  reported  in  Figure  A along  with  a chart  showing  the  percentage  of 
mix  ingredients  for  an  average  mix. 

The  electrolyte  that  has  been  used  in  all  testing  to  date  is  standard 
battery  electrolyte  (zinc  chloride,  ammonium  chloride  and  water)  with  0,2$% 
mercuric  chloride  added. 

The  most  difficult  problem  to  overcome  in  the  construction  of  paper 
lined  cells  concerns  the  proper  degree  of  mix  wetness.  Considerable  emphasis 
must  be  placed  on  this  condition  because  of  its  extreme  importance  toward  dry 
cell  efficiency  especially  at  elevated  temperatures.  To  understand  what 
occurs  over  a varied  series  of  mix  wetnesses,  cells  were  constructed  using 
mixes  that  ranged  from  extreme  dryness  to  extra  wetness.  The  table  in  Figure 
#1  shows  capmsities  received  from  these  cells.  The  first  batch  of  cells  in 
the  series  gave  no  results  at  two  weeks  at  160°F.  because  of  their  extreme 
dryness.  As  the  mix  wetness  Increases,  it  can  be  noted  that  capacities 
increase,  but  this  is  accordingly  accompanied  by  an  increase  in  corrosion 
of  the  cells.  Subsequent  results  have  shown  that  the  medium  wet  mix  (apprjpxi^ 
mate  average  regular  dry  mix)  is  the  best  mix  condition  for  paper  lined  cells. 

Capacities  obtained  to  date  on  cells  fabricated  are  reported  in  Figure 
#2.  Several  exceptional  facts  are  eviddnt  from  this  data.  Eve  ready  methyl 
cellulose  paper  has  been  outstanding  as  a paper  separator  giving  capacities 
that  far  exceedit  the  conditions  specified  in  the  contract.  The  other  materials 
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tested  have  not  performed  satisfactorily.  At  elevated  temperatures  capacities 
are  completely  gone.  This  most  probably  is  attributable  to  the  fact  that  these 
materials  completely  breakdown  at  these  high  temperatures  thus  destroying 
the  efficiency  of  the  cell. 
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Conclusions 

1.  Most  water  soluble  materials  that  show  promise  as  separator  materials 
can  be  readily  coated  for  paper-lined  cells. 

2.  Close  regulation  of  the  mix  wetness  must  be  maintained  in  order  to 
achieve  the  optimum  conditions  of  capacity  and  yet  overcome  the  problem  of 
corrosion. 

3.  Except  for  Eveready  paper,  the  materials  tested  to  date  have  com- 
pletely broken  down  at  elevated  temperatures  thus  becoming  useless  in  the 
cell  as  a separator* 

4.  Eveready  methyl  cellulose  paper  has  shown  exceptional  merit  as  a 
separator  material  and  cells  made  with  this  paper  have  given  c apacities  far 
exceeding  the  specifications  in  the  contract  for  temperatures  of  130°F.  - 
$0%  R.H.  and  160°F.  - 50*  R.H. 
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FIGURE  A 


Specifications  of  Various  Tools  and  Materials  Used  in 
Producing  Paper  Lined  "D"  Cells  (Paper  Coated  Separators) 


Tools  © Materials 

Composition 

Diameter 

Length 

Weight 

Thickness 

Coated  paper 

Paper-Nibro( 
Craft  Water 

■Mg 

5^'X  i+" 

0.60  gm. 

.OOI4." 

Liner  mandrels 

Hard  rubber 

1.062" 

1 

1 

1 

1 

1 

Flat  bottom 
leakproof  Can 

Zinc 

1.250" 

2. 250" 

lip  gms. 

1 

HSEOI 

Core  mold 

Stilite 
plated  steel 

1.058" 

hi" 

Tamping  rod 
(mold)  . 

Stilite 
plated  steel 

n 

ft" 

Mix'  slug 

Depolarize: 

material 

1 

1.029 

( approx 

2 ±" 

i 

6O-65  gms^ 

Final  oore 
slug  dlminaion 

Depolarizer 

material 

1.210" 

( approx 

i54" 

60-65  gms 

Tamping  rod 
(can) 

Hard  rubber 

1.115" 

..... 

B 

Pencil  guide 

Lucite 

1.151" 

1*" 

. 

hole  dia 
.350" 

Polyethylene 

gasket 

! Polyethylem 

1 ir 

B 

[ 

1 0.20  ©ns 

L . . . 

.005" 

Percentage  of  Mix  Ingredients 
(average  mix) 


African  Ore 


Carbon  Black 


Sal  (NH^Cl) 


Standard  Electrol-  17»2 
yte  (Q.25g  HgC-12) 
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FIGURE  1 


Construction  of  Paper  Lined  Cells  ( "D"  Size)  in  the  Varied 

Wetness  Series 


Lot 

NO. 

Mix  Formulation 

Mix 

We  tne  s s 

Separator 

Subseal 

Seal 

D-1280 

100$  African  Ore 
7/1  ore  to  black 
Inhibitor  present 

(.255*  HgCl2  ) 

Extreme 

dry 

Eve  re  ady 
Me thyl 
Cellulose 
Paper 

Poly- 

ethylene 

gasket 

Poly- 

styrene 

cap 

D-I285  • 

100 $ African  Ore 
7/l  ore  to  black 
Inhibitor  present 
(.2  55*  HgCl2  ) 

Regular 
"D"  cell 
we  tne' 3 s 

Eve re ady 
Me  thyl 
Cellulose 
Paper 

Poly- 
e thylene 

gasket 

Poly- 

styrene 

cap 

D-1282 

100$  African  Ore 
7/1  ore  to  black 
Inhibitor  present 
( .25$  HgCl2) 

Medium 
we tne 3s 

Eve re ady 
Methyl 
Cellulose 
Paper 

Poly- 
ethylene 
gaske  t 

Poly- 

styrene 

cap 

D-1281 

100$  African  Ore 

7/l  ore  to  black 
Inhibitor  present 
( .25$  HgCl2  ) 

Extreme 

wetness 

Eve  ready 
Methyl 
Cellulose 
Paper 

Poly- 

ethylene 

gasket 

Poly- 

styrene 

cap 
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Capacity  of  Paper  Lined  Cells  (MD"  Size  ) in  the  Varied 

Wetness  Series 

/ 


Capacity  Results 

Lot 

No. 

BA  30  ( days ) 

BA  8 (hours) 

BA  i;08/U  (hours)  ] 

Initial 

2'  week3 
at  l60°F 

Initial 

2\weeks 
at  160°F 

Initial 

2 weeks 
at  160°F 

D-1280 

ty.9 

days 

Cells 

no 

good 

208 

hoUT3 

Cell^ 

no 

good 

/ 

25.2 

hours 

m 

D-I283 

18.1 

days 

14.1 

days 

269.2 

hours 

203.3 

hours 

2&.J 

hours 

1 6J3 

hours 

D-1282 

19  • 6 
days 

150 

days 

281; 

hours 

202.6 

hours 

28.7 

hours 

— 

1 

D-1281 

21.5 

days 

15.6 

days 

292.8 

hours 

2l|2.3 

hours 

32.8 
hours  . 

22  J8 

hours 
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FIGURE  2 


Paper  Lined  MDW  Cells  For  Storage  (Construction) 


Storage  Time  Before  Initial 
Testing  At  70°  F. 


Storage  Time  For  Cells  Stored 
(Tested  at  70°  F.) 


Lot 

Mix 

No. 

Formulation 

DIOO3 

100#  African  Ore 
7/l  - ore/  blaok 
0.25#  HgCl2  -(inhib 

100#  African  Ore 

D1284 

7/l  - ore/black 
0.25#  HgCl2-(  inhih) 

100#  Western  Elect. 

D1112 

7/1  - ore/black 

0.25#  HgCl2-(lnhlb.) 

30$  African  Ore 

70#  Western  Electro 
D1172  ^ ore/black 

0.25#  HgCl?_-(  lnhlbj 

100#  African  Oro 

D14.81  7/1  ore/black 

0.25#  HgCl2-(lnhlbb) 

100#  African  Ore 

D2294  'j/l  ore/black 

0.25#  HgCl2"( lnhlh) 

100#  African  Ore 

01795  7/1  ore/black 

0.25#  HgClg«»(  lnhlh) 

100#  African  Ore 

D2509  7/1  ore/black 

0.25#  HgCl2-(  lnhlh) 


2 weeks  at  7O0  F.  - 50#  R«H. 


3 months  at  70°F.  - 50#  R.H. 
3 months  at  113°F  - 95#  R*H. 
3 months  at  150®F  - 50#  R.H. 
2 weeks  at  160°F  - 50#  R.H. 


Separator 


Eve ready  Methyl 
Cellulose  Paper 


Eveready  Methyl 
Cellulose  Paper 


Eveready  Methyl 
Cellulose  Paper 


Eveready  Methyl 
Cellulose  Paper 


Carboxy  methyl 
Cellulose  Paper 
(low  visoosity) 


Carboxy  methyl 
Cellulose  Paper 
(medium  viscosity) 


Carboxy  methyl 
Cellulose  Paper 
(high  viscosity) 


Polyvinyl  alcohol 
"Elvanol” 

(lov/  viscosity  ) 


Subseal 


Polj- 


Seal 


Poly- 

ethylene 

gasket 


Poly- 

ethylene 

gasket 


Poly- 

ethylene 

gasket 


Poly- 

styrene 

cap 


Poly- 

styrene 

cap 


Poly- 

styrene 

oap 


Poly- 

styrene 

cap 
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FIGURE  2 (Cont.)' 


II 

Km 

Mix 

Formulation 

Separator 

Subseal 

Seal 

D2557 

100$  African  Ore 
7/1  ore /b la  ok 
0.25$  HrC12-( lnhib . ) 

Polyvinyl  alcohol 
”Elvanol" 

(medium  viscosity) 

Poly- 
e thylene 

gasket 

Poly- 

styrene 

cap 

D2390 

100$  African  Ore 
7/1  ore/black 
0.25$  HgCl2-(  lnhib.) 

Arabic  Gum 
"Acacia" 

Poly- 

ethylene 

gasket 

D2l|.oi 

100$  Afrioan  Ore 
7/1  ore/black 
0.25$  HgCl2-( lnhib. ) 

Locust  Bean  Gum 
"Italian" 

Poly- 
e thylene 
gaske  t 

Poly- 

styrene 

oap 

D25BO 

100$  African  Ore 
7/1  ore/black 
0.25$  HgCl2-( lnhib.) 

Swifts  Colloid 
Gum  (No.  1 ) 

Poly- 
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FIGURE  2A 

Paper  Lined  "0"  Cells  ^or  Storage  (Capacity  Results) 
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FIGURE  -2A  (Cont.) 
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Blank  spaces  in  this  data  are  due  to  incomplete 
returns  of  capacity  results. 
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Part  V - Polarization  Studies 

A.  Polarization  Inhibitors 

A corrosion  inhibitor  in  order  to  be  acceptable  for  use  in  a dry  cell 
must  prevent  corrosion  of  the  zinc  anode  and  function  without  interfering 
with  the  electrochemical  reactions  of  the  cell.  A material  which  produces 
a high  anodic  polarization  must  not  cause  anodic  passivity  of  the  zinc.  The 
inhibitor  should  be  capable  of  inducing  an  appreciable  degree  of  cathodic 
polarization  over  the  whole  metal  surface  to  provide  an  effective  corrosion 
barrier.  The  corrosion  barrier  is  defined  as  the  algebraic  difference  between 
the  cathodic  and  anodic  voltages. 

Extensive  experimental  work  was  done  to  evaluate  inhibitors  suitable  for 
the  high  temperature  conditions  imposed  by  this  contract.  Anodic  and  cathodic 
polarization  studies  were  made  after  various  periods  of  storage  at  113°?,  130°F 
and  160°F. 

The  polarization  apparatus  and  methods  employed  for  the  study  are  des» 
cribed  in  Part  I (Equipment  - Procedure)  and  a diagram  of  the  operations  is 
shown  in  Figure  #1  of  that  section. 

Use  of  this  apparatus  permitted  the  investigation  of  anodic  inhibitors 
apart  from  the  complicated  reactions  occurring  in  the  cathode  area. 

These  polarization  studies  were  divided  into  two  groups s (l)  studies 
in  which  a current  density  equivalent  to  that  of  the  BA-30  drain  (U.33  ma/cm2) 
is  imposed  on  the  electrode  immediately  and  held  constant  while  the  voltage 
changes  are  recorded  with  time,  and  (2)  studies  in  which  extremely  light 
current  densities  are  imposed  initially  and  increased  by  small  increments 
during  the  run.  In  the  second  instance,  time  is  allowed  for  voltage  (or 
polarization)  equilibrium  to  develop  before  the  voltage  readings  are  recorded. 
Voltage  is  then  plotted  against  current  density.  The  change  of  cathodic 
polarization  with  current  density  is  measured  alternately  with  that  of  the 
anodic  polarization  by  using  two  identical  zinc  electrodes  in  conjunction 
with  a calomel  reference  electrode. 

Some  forty- two  inhibitors  have  been  analyzed  on  both  these  tests.  The 
results  of  six  representative  samples  for  anodic  polarization  of  zinc  are 
tabulated  and  shown  graphically  in  Figure  #1.  The  majority  of  the  samples 
tested  exhibited  a large  amount  of  corrosion  over  the  six  month  period  which 
is  partly  due  to  the  excess  of  electrolyte  present  as  compared  to  the  amount 
of  zinc.  Those  samples  which  showed  a small  amount  of  corrosion  after  six 
months  indicate  very  good  inhibit! ve  powers  (small  concentrations  of  sodium 
dichromate  and  Antaron  R-l£j?).  Sodium  dichromate  produces  a heavy  film  on 
the  surface  of  the  zinc  but  when  this  film  becomes  too  excessive  passivation 
of  the  zinc  will  occur  as  is  shown  in  the  Figure  IB.  Figure  1C  shows  the 
effects  of  devitalized  wheat  gluten  which  is  representative  of  all  the  glutens 
tested,  while  Figure  ID  displays  the  action  of  special  wheat  protein  R2E-570 
which  represents  the  proteins  tested.  Antarox  A-li03  was  chosen  to  represent 
the  various  wetting  agents  and  detergents  used  and  is  shown  in  Figure  IE. 


SECURITY  INFORMATION 
RESTRICTED  . 


SECURITY  INFORMATION 
RESTRICTED 


2U 


Of  the  various  organic  compounds  analyzed  as  inhibitors,  Quinaldine  appears 
to  give  the  best  inhibitive  action  and  is  reported  in  Figure  IF. 

It  can  be  noticed  in  all  of  the  polarization  samples  that  after  storage 
for  extended  periods  of  time,  the  zinc  tends  to  show  signs  of  passivity.  In 
the  case  of  sodium  dichromate  the  passive  tendency  is  not  overcome,  whereas 
in  the  case  of  special  wheat  protein  R2E-f>?0  the  effect  is  not  so  strong  as 
to  render  the  zinc  passive.  These  experiments  do  not  give  a clear  indication 
of  the  barrier  which  any  inhibitor  will  set  up  to  prevent  corrosion.  They 
do  indicate  quite  clearly  whether  any  inhibitor  causes  passivity.  If  a 
material  causes  passivity  it  will  give  poor  battery  performance  since  it 
prevents  the  discharge  of  zinc  ions.  Anodic  polarization  data  were  obtained 
on  a given  sample  initially  and  after  one  month  storage  at  113°F.  A second 
sample  stored  for  one  month  at  113°F  was  also  tested  in  the  same  manner. 

This  was  done  in  order  to  determine  if  initial  polarization  readings  affected 
the  delayed  readings.  In  all  cases,  both  samples  read  after  one  month 
storage  at  113°F  gave  values  which  closely  approximate  each  other. 

In  all  these  samples,  a slight  amount  of  potato  starch  was  added  to  the 
electrolyte  ( 1 gram/^O  mis)  to  partially  immobilize  it  and  prevent  creepage 
of  the  solution  up  the  electrodes,  especially  samples  where  wetting  agents 
were  used  an  inhibitors. 

It  is  interesting  to  note  that  the  samples  which  were  tested  using  both 
unamalgamated  and  amalgamated  zinc  shows  that  the  latter  maintained  a higher 
voltage  throughout  the  polarization  period.  This  should  be  expected  because 
the  voltage  of  the  amalgamated  zinc  is  normally  higher  than  that  of  unamalgamated 
zinc.  Yet  anodic-cathodic  polarization  results  of  amalgamated  and  unamalgam^ted 
zinc  show  1th#  slight  corrosion  barrier  exhibited  by  amalgamated  zinc  (Figure 
#2).  On  this  basis  it  would  be  expected  that  amalgamated  zinc  corrode  . badly 
during  storage . 

This  was  found  to  be  especially  true  of  amalgamated  zinc  when  stored  in 
electrolyte  for  three  months  at  113°F»  Amalgamated  zinc  undergoes  a weight 
loss  five  times  greater  than  the  chrome  inhibited  zinc  and  ten  times  greater 
than  the  zinc  inhibited  with  Protein  R2E-570,  Antaron  R155  or  like  materials. 

This  is  not  to  say  that  amalgamation  of  zinc  does  not  in  some  respect 
inhibit  corrosion.  The  mercury  does  tend  to  level  the  potential  of  anodic 
and  cathodic  areas  in  the  zinc.  It  also  raises  the  hydrogen  overvoltage 
making  it  more  resistant  in  acid  solutions.  However,  there  is  no  barrier  set 
up  to  prevent  corrosion  and  if  there  is  a tendency  for  any  area  to  become 
either  cathodic  or  anodic,  corrosion  will  proceed  with  very  little  resistance 
in  terms  of  polarization  barriers.  Results  obtained  from  the  experiments 
indicate  that  with  amalgamated  zinc  in  particular,  discharge  other  than 
hydrogen  ion  discharge  takes  place  without  difficulty.  It  is  quite  possible 
therefore  that  hydrogen  evolution  is  of  secondary  nature  in  the  corrosion  of 
amalgamated  zinc.  The  first  step  would  be  the  direct  discharge  of  zinc  which 
would  in  turn  react  with  the  electrolyte  to  liberate  hydrogen. 
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The  second  part  of  the  experiments  to  eviluate  inhibitors  involves  the 
measurement  of  both  anodic  and  cathodic  polarization  at  lew  current  densities. 

The  result  of  this  work  determines  the  ability  of  inhibitors  to  prevent 
corrosion  and  the  amount  of  corrosion  barrier  exhibited.  The  experimental 
procedure  is  similar  to  anodic  polarization  and  the  various  alterations  are 
explained  in  Part  I (Equipment-Procedure). 

With  this  arrangement  it  is  possible  to  measure  the  cathodip  and  anodic 
voltage  of  the  zinc  in  the  same  corrosion  solution  under  any  desired  polarization 
current.  In  these  first  experiments  the  polarization  current  was  vairedfrom 
a low  value  (0.08  ma)  to  a value  approximating  the  BA-30  drain  (3.5  ma).  Very- 
low  polarization  currents  were  used  since  the  corrosion  current  of  a battery 
while  on  shelf  is  very  low.  The  higher  this  current  becomes  the  faster  will 
be  the  rate  of  corrosion.  The  results  of  nine  materials  tested  in  this  fanner 
at  temperatures  of  70°F,  113°F  end  l60°F  are  tabulated  and  shown  graphically 
in  Bigure  #3.  These  data  show  that  some  Inhibitors  cause  very  little  change 
in  either  cathodic  or  anodic  voltage  as  the  current  density  is  increased. 

Others  show  very  rapid  change  in  the  anodic  or  cathodic  voltage  or  both  with 
a small  increase  in  polarization  current  during  the  initial  portion  of  the 
test. 


For  corrosion  of  batteries  on  shelf  the  initial  parts  of  the  curves  are 
all  that  will  be  discussed  as  the  polarization  current  is  increased  beyond 
one  milliampere,  conditions  approximate  those  of  battery  discharge  and  the 
curves  indicate  to  what  extent  an  inhibitor  passivates  the  zinc. 

An  ideal  inhibitor  would  give  a sharp  and  rapid  rise  in  the  cathodic 
voltage  and  a rapid  but  moderate  decrease  in  the  anodic  voltage.  The  inhibitor 
most  closely  approximating  this  in  the  series  la  Antaron  R-155  (Figure  3C). 

This  inhibitor  gives  a sharp  increase  in  the  cathodic  voltage  and  a sharp 
decrease  in  anodic  voltage  with  only  a slight  increase  in  the  polarization 
current.  Yet  the  overall  decrease  in  the  anodic  voltage  is  not  sufficient 
to  indicate  serious  passivity. 

The  rapid  divergence  of  the  anodic  *id  cathodic  voltage  curves  is  desired 
since  it  is  the  difference  between  the  values  of  the  anode  and  cathode  at 
polarization  current  drains  which  give  rise  to  a corrosion  barrier. 

The  sample  containing  sodium  dichromate  (Figure  3*)  inhibitor  exhibit 
a higher  cathodic  voltage  than  does  Antaron  R-155  but  this  high  voltage  is 
not  reached  so  rapidly.  Also  the  anode  polarization  is  small  at  low  current 
drains.  A second  undesirable  feature  is  the  fact  that  the  anode  voltage  of 
chrome  inhibited  samples  continues  to  decrease  as  the  current  is  increased 
instead  of  leveling  out  and  this  indicates  that  it  will  passivate  zinc  to 
some  degree. 

When  Antaron  and  chrome  (Figure  3h)  were  used  jointly,  the  cathodic  curve 
is  improved  over  that  of  pure  chrome  but  there  is  little  effect  on  the  anode 
voltage . 
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The  use  of  Quinaldine  (Figure  3i)  as  a corrosion  inhibitor  proved  some=> 
what  satisfactory.  In  the  initial  part  of  the  curve,  a rapid  rise  in  the 
cathodic  voltage  occurs  with  only  a small  amount  of  anodic  polarization.  As 
the  current  increases  the  tendency  toward  passivation  is  not  too  pronounced 
indicating  good  inhibitor  qualities. 

Antarox  A-i*03,  Protein  R2E-570,  and  denatured  gluten  give  curves  similar 
to  those  obtained  with  Antaron  R~13>5>  and  Antaron  with  mercury  but  the  anodic 
and  cathodic  polarization  values  are  not  as  great. 

On  the  basis  of  the  polarization  studies  the  following  working  hypothesis 
was  evolved  for  samples  undergoing  simulatenous  cathodic  and  anodic  polarization 
and  was  used  in  evaluating  inhibitors, 

(l)  An  ideal  inhibitor  will  have  (a)  a maximum  difference  between  the 
initial  open  circuit  voltage  and  dathodically  polarized  voltage  at  very  low 
current  densities,  (b)  a moderate  anodic  polarization  and  no  evidence  of  gas 
evoluation  on  shelf. 

On  the  basis  of  anodic  polarization  (voltage  vs.  time)  the  following 
working  hypothese  were  developed? 

(1)  Fours  types  of  anodic  polarization  curves  have  been  evidenced? 

(a)  a curve  showing  high  initial  polarization  with  poor  anodic  recuperation 
throughout  discharge,  (b)  a curve  showing  high  initial  polarization  with 
rapid  anodic  recuperation  during  the  discharge,  (c)  a curve  showing  very- 
low  initial  polarization  with  little  or  no  increase  in  anodic  voltage  during 
discharge,  (d)  a curve  shewing  very  high  polarization  with  no  recuperation 
(passivation). 

(2)  Type  l(a)  indicates  either  very  thick  films  or  very  tenacious  films. 
They  may  show  low  corrosion  but  will  give  poor  battery  performance. 

(3)  Type  1(b)  indicates  a thin  film  which  is  easily  removed  by  an 
anodic  current.  If  initial  anodic  polarization  is  not  too  high  it  should 
give  good  battery  peformance0 

(U)  Type  1(c)  will  give  excellent  battery  performance  but  corrosion 
will  be  bad  unless  the  cathode  polarization  value  is  high. 

(5)  Type  1(d)  indicates  little  corrosion  will  occur  but  destroys 
battery  performance.  If  corrosion  does  occur  it  will  be  confined  to  small 
pits. 


Figure  §i\  is  presented  to  illustrate  some  of  the  various  divergent 
curves  encountered  in  this  polarization  study. 

Figure  #£  is  a condensed  graph  showing  the  effect  of  chrome  concen= 
tration  on  the  corrosion  barrier  over  various  temperatures.  One  percent 
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sodium  dichromate  appears  to  be  the  most  optimum  percentage.  In  polarization 
studies,  sodium  dichromate  was  used  as  the  source  of  chromate  ions  but  it  was 
desired  to  eliminate  the  sodium  ion  since  it  was  not  known  what  effect  it  had 
in  the  batterjr.  A polarization  series  was  run  to  compare  the  effect  of  sodium 
and  ammonium  dichromate  and  very  little-  difference  was  observed  in  the,  anodic 
and  cathodic  values  of  the  two  inhibitors  at  any  given  percentage.  Therefore, 
it  was  concluded  that  the  polarization  results  obtained  in  the  past  using 
sodium  dichromate  would  also  apply  for  ammonium  dichromate. 

As  a result  a comprehensive  comparison  between  ammonium  chromate  and 
ammonium  dichromate  was  made  to  find  which  supplies  the  best  inhibiting 
qualities.  Polarization  results  of  a range  from  0.1$  to  3.0$  were  obtained. 
Figure  §6  present  several  of  the  tables  and  graphs  for  various  percentages 
over  this  range.  In  the  figures  anodic  polarization  (in  which  voltage  is 
plotted  against  time)  is  shown  in  the  figures  with  the  suffix  A and  simultaneous 
cathodic  and  anodic  polarization  in  which  voltage  is  plotted  against  polarization 
current  is  shown  in  the  figures  with  the  suffix  B.  It  should  also  be  pointed 
out  that  the  cathodic  and  anodic  polarization  studies  were  run  at  a much  low^r 
current  density  than  was  the  rule  in  previous  experiments.  It  is  felt  that 
the  range  covered  in  these  studies  (0.01  ma  to  0.3  ma)  is  of  more  interest 
in  defining  the  inhibiting  properties  of  any  material  because  it  more  closely 
approximates  the  average  corrosion  current  which  is  present  in  a battery  when 
the  battery  is  on  shelf.  The  corrosion  current  will  vary  from  cell  to  cell 
but  under  normal  conditions  (excluding  internal  shorts,  elevated  temperatures 
or  excessive  paste  line  or  bottom  washer  corrosion)  will  fall  within  the 
current  range  used  for  these  experiments. 

These  polarization  studies  were  conducted  at  both  70°F  and  l60°F<>  In 
both  cases  the  samples  were  allowed  to  stand  for  twenty-four  hours  so  that 
equilibrium  might  be  reached.  The  following  general  conclusions  were  reached 
based  on  the  studies  at  the  two  temperatures. 

(1)  The  O.C.V.  of  the  sample  is  depressed  by  an  increase  in  temperature. 

(2)  The  tendency  toward  passivity  is  increased  by  increasing  the  tem- 
perature as  shown  by  the  anodic  polarization  curves  where  voltage  is  recorded 
with  time. 

(3)  The  amount  of  cathodic  polarization  is  decreased  by  an  increase  in 
temperature. 

(U)  The  corrosion  barrier  (difference  between  anodic  and  cathodic 
voltage  at  any  given  current  density)  is  decreased  by  an  increase  in  tem- 
perature • 

Specific  conclusions  which  were  reached  regarding  the  relative  merits 
of  ammonium  dichromate  and  ammonium  chromate  as  inhibitors  are  as  follows* 

(l)  Little  difference  was  observed  in  the  cathodic-anodic  curves  of 
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these  two  below  1.0$, 

(2)  Above  1*0$  the  following  was  true  of  the  anodic-cathodic 
polarization#  (a)  cathodic  polarization  at  70°F  due  to  the  chromate  is 
approximately  twice  that  due  to  the  dichromate,  (b)  anodic  polarization 

Cat  various  currents)  at  both  70°F  and  160°F  due  to  the  chromate  is  approxi- 
mately half  that  of  the  dichromate,  which  indicates  that  the  chromate  has 
less  of  a tendency  for  passivity,  (c)  curves  of  anodic  polarization  versus 
time  also  indicate  that  the  chromate  cause  less  polarization  at  concentrations 
above  1.0^.  Below  1.0^  the  curves  are  very  similar, 

(3)  On  the  basis  of  the  initial  data  shown  in  this  report,  2.0  and  3.0/6 
(NH^)2CrO  appear  to  be  the  most  promising  concentrations  for  inhibitors  in 
this  series,  exhibiting  the  desired  characteristics  of  low  anode  polarization 
and  high  cathode  polarization.  This  is  especially  true  at  room  temperature 
(70°F). 

The  system  of  running  polarization  studies  at  a'  much  lower  current 
density  (0.01  ma  to  0.3  ma)  was  continued  in  further  experimentation  of  in- 
hibitors. Tests 'were  made  using  various  combinations  . of  inhibitors,  including 
mercury  and  chrome,  chrome  and  Antarox  Al*03,  mercury  and  Antrox  AJ4O3,  chrome 
and  Antaron  ftl&>,  mercury  and  Antaron  Rl55,  chrome  and  Neutronyx,  and  mercury 
and  Neutronyx.  The  individual  components  of  these  combinations  were  tested 
as  a basis  of  comparison.  The  results  of  these  studies  are  shown  in  Figure 
7.  It  should  be  pointed  out  that  Antaron  R155,  Antarox  Al*03  and  Neutronyx 
fall. in  the  category  of  wetting  agents  and  detergents.  Antaron  Rl$3  and 
Antarox  Al*03  are  obtained  from  Antara  Products  while  Neutronyx  is  supplied 
by  the  Onyx  Oil  and  Chemical  Company. 

On  the  basis  of  anodic  polarization  only,  where  voltage  is  plotted 
versus  time  at  a constant  current  density  of  k.33  ma/cm^,  the  following 
conclusions  were  drawn. 

(l)  Mercury  by  itself,  (amalgamation. process)  gives  very  little  anodic 
polarization.  When  a current  is  imposed  on  the  zinc  electrode  a slight  drop 
in  voltage  is  evidenced  immediately  and  the  voltage  then  levels  out  and 
remains  relatively  constant.  This  is  true  of  samples  tested  at  both  70°F  and 
130°F. 


(2)  A combination  of  mercury  and  ammonium  chromate  gives  a curve 
similar  to  that  obtained  from  ammonium  chromate  alone.  However,  the  initial 
voltage  drop  is  not  as  severe  as  would  be  expected  were  the  chromate  the 
only  inhibitor.  At  130°F  a tendency  toward  passivity  is  exhibited  by  this 
combination  (See  Figure  7). 

(3)  Antaron  Rl5$  and  Antarox  Al#03  show  satisfactory  anode  polarization 
curves  at  70°F.  That  is,  the  initial  drop  is  not  too  severe  and  voltage 
recuperation  takes  place  at  a relatively  rapid  rate.  At  130°F  both  materials 
show  only  a slighty  voltage  drop  and  little  recuperation.  However,  satisfactory 


SECURITY  INFORMATION 
RESTRICTED 


SECURITY  INFORMATION 
RESTRICTED 


29 


results  should  be  obtained  during  discharge  even  at  elevated  temperatures 
(See  Figure  7»)» 

(4)  Combinations  of  mercury  and  Antaron  and  of  ammonium  chromate  and 
Antaron  show  good  anode  polarisation  curves  at  70°F.  At  130°F  the  combinatL op 
of  mercury  and  Antaron  exhibits  satisfactory  anode  polarization  while  the 
initial  voltage  decrease  when  using  ammonium  chromate  and  Antaron  is  excessive 
and  low  amperage  will  result  (See  Figure  7b). 

(5>)  Combinations  of  ammonium  chromate  and  Antarox  Al*03  and  ammonium 
chromate  and  Neutronyx  show  nearly  the  same  anodic  polarization  curves  as 
the  combination  with  Antaron  R155  with  the  exception  that  the  curves  ob° 
tained  are  better  after  high  temperature  storage. 

(6)  Combinations  of  mercury  and  Antarox  Ai*03  or  mercury  and  Neutronyx 
exhibit  curves  similar  to  that  obtained  from  mercury  alone  indicating  that 
the  Antarox  Al*03  and  Neutronyx  take  little  part  in  the  polarization  process. 

On  the  basis  of  simultaneous  anodic  and  cathodic  polarization  where 
voltage  is  plotted  against  current  densities,  the  following  conclusions 
were  drawn. 

(1)  The  use  of  mercury  as  the  only  inhibitor  gives  a very  slight 
corrosion  barrier  (difference  between  anodic  and  cathodic  voltage  at  any- 
given  current  density).  However,  in  the  case  of  mercury  this  does  not  mean 
that  corrosion  will  take  place  rapidly  since  polarization  is  based  mainly 
on  film  formation  and  the  amalgamation  process  is  unique  in  itself  as 
previously  explained  (See  Figure  7). 

(2)  Combinations  of  mercury  and  Antarox  Ai|03  and  mercury  and  Neutronyx 
also  show  a very  small  corrosion  barrier  indicating  as  stated  previously  that 
these  wetting  agents  take  little  part  in  the  polarization  proofs s. 

(3)  A combination  of  mercury  and  ammonium  chromate  yields  a curve 
falling  approximately  half  way  between  the  curves  of  these  materials  when 
used  alone.  These  curves  appear  to  have  properties  due  to  both  the  mercury 
and  the  chromate. 

(U  Combinations  of  ammonium  chromate  and  Antarox  Ai|03,  Antaron  Rl£5> 
or  Neutronyx  give  very  good  polarization  curves  and  a relatively  high  corrosion 
barrier.  This  is  especially  true  at  70°F  and  also  holds  for  130°F.  The 
same  conclusion  is  also  reached  as  the  result  of  a study  of  the  curves 
exhibited  by  Antarox  Al*03  and  Antaron  RH>5  when  used’  separately  with  the 
exception  that  Antarox  Al|03  exhibits  only  fair  curves  at  130°F. 

($)  The  best  polarization  results  exhibited  in  this  series  is  obtained 
from  a combination  of  mercury  and  Antaron  Rl55.  The  curves  for  this  combination 
are  shown  in  Figure  Jb»  The  polarization  for  this  combination  at  70°F  is  ideal, 
based  on  the  hypothesis  given  early  in  this  section.  Excellent  polarization 
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is  also  exhibited  by  this  combination  when  tested  at  130°F. 

In  the  above  series  the  samples  were  allowed  to  stand  for  twenty-four, 
hours,  at  the  required  temperature  in  order  for  equilibrium  to  be  attained. 

In  all  cases,  with  the  exception  of  mercury,  the  percentage  given  was 
by  weight  of  the  electrolyte  used.  Where  mercury  was  used  the  percentage 
of  mercury  involved  was  calculated  from  the  area  of  the  zinc  electrodes, 

B.  Inhibitors  and. Corrosion  Studies 

Visual  corrosion  studies  have  been  conducted  to  substantiate  data 
already  obtained  on  various  inhibitors  from  polarization  studies.  In  these 
experiments,  strips  of  zinc  were  stored  in  electrolytes  containing  various 
inhibitors  in  different  percentages.  Two  strips  of  zinc  were  included  in 
each  sample,  one  of  which  was  completely  immersed  in  the  electrolyte  solution 
while  the  other  was  only  partially  immersed.  The  latter  strip  was  included 
to  study  the  corrosion  which  occured  at  the  air  line.  These  samples  were 
stored  at  113°F  and  inspected  and  weighed  periodically.  Data  obtained  from 
these  studies  are  shown  in  Figures  8 (zinc  partially  immersed)  and  9 (zinc 
totally  immersed).  These  data  include  the  weight  of  the  zinc  strip  initially 
and  after  twelve  months  storage  at  113°F  and  also  the  percentage  of w eight 
loss  during  this  period.  In  cases  where  complete  corrosion  occured  at  the 
air  line,  the  data  have  not  been  included  because  of  the  inaccuracy  involved. 

The  results  obtained  from  these  studies  coincide  very  well  with  those 
obtained  from  polarization  studies.  The  d/.chromate  film  gives  by  far  the 
best  inhibition  of  the  materials  tested.  As  shown  in  the  polarization  studies 
1.0%  sodium  d l chromate  appears  to  be  the  most  optimum  percentage  (see  Figure 
5).  However,  the  polarization  studies  indicated  a very  substantial  degree 
of  passivity  with  this  percentage  and  hence  it  is  felt  that  best  results 
on  the  basis  of  good  inhibition  and  capacity  can  be  obtained  using  0.3  to  0,5^ 
sodium  d Jfchromate  by  weight  of  electrolyte  in  the  separator. 

Good  results  were  also  obtained  from  Antaron  R-l£f>  and  some  of  the 
proteins  especially  Special  Wheat  Protein  R2E-?70  and  R2E-1301  which  were 
obtained  from  General  Mills,  Inc, 

With  the  exception  of  those  samples  containing  mercury,  corrosion  over 
the  zinc  surface  was  quite  even.  Some  pitting  was  noted  in  the  samples 
having  Sequestrene  NA2  and  NAi*  as  the  inhibitor  and  a heavy  pitting  type 
attack  was  observed  in  the  amalgamated  sample. 

As  stated  previously  the  chromate  process  for  inhibiting  in  cells 
stored  at  high  temperatures  appear  to  be  quite  satisfactory  whereas  the 
amalgamation  process  does  not. 
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Conclusions 

1.  An  ideal  inhibitor  for  battery  application  should  cause  zinc  to 
exhibit  high  cathodic  polarization  and  moderate  anodic  polarization. 

2.  The  amalgamation  of  zinc  tends  to  equalize  the  voltage  of  the 
anodic  and  cathodic  areas  on  the  zinc  surface.  However,  no  appreciable 
corrosion  barrier  is  exhibited  by  amalgamated  zinc  and  any  variation  in 
potential  on  the  surface  will  cause  corrosion.  This  corrosion  process 
will  proceed  with  little  impedance, 

3.  Corrosion  of  amalgamated  zinc  does  not  appear  to  involve  a direct 
liberation  of  hydrogen.  The  corrosion  process  probably  involves  a dis- 
charge  of  free  zinc,  which  because  it  is  a finely  divided  and  active  form, 
reacts  directly  with  the  electrolyte  to  liberate  hydrogen.  This  hypothesis 
is  based  on  the  fact  that  the  low  cathode  polarization  does  not  seem  to  be 
compatible  with  the  high  hydrogen  overvoltage  of  amalgamated  zinc  as  recog- 
nized in  literature. 

U,  Weight  loss  measurements  show  dichromate,  Antaron  R-1^5  and  protein 
materials  to  be  the  best  inhibitor  materials  tested  to  date. 

£.  It  is  not  possible  to  obtain  as  good  inhibition  at  elevated 
temperatures  as  can  be  obtained  with  the  same  material  at  room  temperature. 

6.  Polarization  studies  of  ammonium  chromate  and  ammonium  dichromate 
show  the  former  to  be  superior  as  an  inhibitor  especially  at  the  higher 
percentages.  Percentages  of  2,0%  and  3-0%  ammonium  chromate  by  weight  of 
electrolyte  gave  excellent  initial  results. 

7.  A combination  of  mercury  and  Antaron  R-155  as  an  inhibitor  gave 
an  ideal  anodic-cathodic  polarization  curve.  This  combination  should  give 
very  good  inhibitor  properties  especially  at  room  temperature. 
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FIGURE  '1 

Anodic  Polarization  of  Zinc 


Series  No. 

1 

Type  of 
sample 

Electrolyte  - Potato  Starch  (40  mls/1  gr) 
Inhibitor  - None , Unamalgamated  zinc  only 

Anodic  Polarization  Current  Density  4.33  ma/sq.cm. 

Reading  taken 
initially  at 
70°  F. 

Reading  taken 
after  3 months 
at  113°  F. 

Reading  taken 
after  6 months 
at  113°  F. 

O.C.V.  before 
polarization 

0.775  v. 

0.761  v. 

0.755  V. 

Time  on 
polarization 

Anodic  Voltage 

1 second 

0.698  v. 

0.688  v. 

0.683  v. 

15  seconds 

0.728  v. 

0.702  v. 

0.721  v. 

30  seconds 

0.738  v. 

0.706  v. 

0.724  v. 

45  seconds 

0.739  v. 

0.707  v. 

0.726  v. 

60  seconds 

0.740  v. 

0.708  v. 

0.726  v. 

75  seconds 

0.740  -v. 

0.710  v. 

0.728  v* 

90  seconds 

0.740  v. 

0.710  v. 

0.728  v » 

105  seconds 

0.740  v. 

0.711  v. 

0.730  v. 

120  seconds 

0.740  v. 

0.711  v. 

0.730  v. 

180  seconds 

0.740  v. 

0.712  v. 

0.730  v. 

240  seconds 

0.739  v. 

0.713  v. 

0.730  v. 
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FlftVRfi  > 

Anodic  Polarization  of  Zinc 


Series  No. 

8 

Type  of 
sample 

Electrolyte  - Potato  Starch  (40  mls/l  gr) 
Inhibitor  - 0.20#  Hg  in  Zn 

Anodic  Polarization  Current  Density  4.33  ma/aq.cm. 

Reading  taken 
initially  at 
70°P 

Reading  taken 
after  3 months 
at  113°  P 

Reading  taken 
after  6 months 
at  113°  P 

O.C.V.  before 
polarization 

0.785  v. 

0.777  v. 

0.762  v. 

Time  on 
polarization 

Anodic  Voltage 

1 second 

r 

0.768  v. 

0.728  v. 

0.723  v. 

15  seconds 

0.769  v. 

0.754  v. 

0.738  v. 

30  seconds 

0.769  v. 

0.755  v. 

0.740  y. 

45  seconds 

0.769  v. 

0.756  v. 

' 0.741  y. 

60  seconds 

0.768  v. 

0.756  v. 

0.741  v. 

75  seconds 

0.767  y. 

0.756  v. 

0.742  v. 

90  seconds 

0.767  v. 

0.757  v. 

0.743  v. 

105  seconds 

0.766  v. 

0.757  v. 

0.743  v. 

120  seconds 

0.766  v. 

0.757  v. 

0.743  v. 

180  seconds 

0.764  v. 

0.757  v. 

0.745  v. 

240  seconds 

0.763  v. 

0.758  v. 

0.745  v 
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FIGURE  1(b) 

Anodic  Polarization  of  Zinc 


Series  No. 

15 

Type  of 
sample 

Electrolyte  - Potato  Starch  (40  mls/l  gr) 
Inhibitor  - 0.50$  Sodium  Dichromate 

Anodic  Polarisation  Current  Density 

4.33  ma/sq.cm. 

Reading  taken 
initially  at 
7 0°F 

Reading  taken 
after  3 months 
at  1130  F 

Reading  taken 
after  6 months 
at  113°  P 

O.C.V.  before 
polarization 

0.718  v.  5 

0.781  v. 

0.774  v. 

Time  on 
polarization 

Anodic  Voltage 

1 second 

0.528  v. 

0.398  v. 

0.468  v. 

15  seconds 

0.648  v. 

0.423  v. 

0.428  v. 

30  seconds 

0.659  v. 

0.416  v. 

0.397  v. 

45  seconds 

0.663  v. 

0.424  v. 

0.368  v. 

60  seconds 

0.664'  v. 

0.426  v. 

0.348  v. 

75  seconds 

0.664  v. 

0.422  v. 

0.298  v. 

90  seconds 

0.664  v. 

0.428  v. 

0.284  v. 

105  seconds 

0.665  v. 

0 e 433  v • 

0.270  v. 

120  seconds 

0.665  v. 

0.436  v. 

0.253  v. 

180  seconds 

0.664  v.  . 

0.448  v. 

0.227  v. 

240  seconds 

0.664.  v. 

0.452  v. 

0.217  v. 
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FIGURE  1(c) 


Anodic  Polarization  of  Zinc 


Series  Wo. 

3 

Type  of 
sample 

Electrolyte  - Potato  Starch  (40  mla/l  gr) 
Inhibitor  - 1.0#  Vi/heat  Gluten  (unamal.  zinc) 

Anodic  Polarizat: 

, 

Lon  Current  Density  4.33  ma/sq.cm. 

Reading  taken 
initially  at 
70°  F 

Reading  taken 
after  3 months 
at  113°  F 

Reading  taken 
after  6 months 
at  113°  F 

O.C.V.  before 
polarization 

0.783  v. 

0.775  v. 

0.770  v. 

Time  on 
polarization 

Anodic  Polarization 

1 second 

0.708  v. 

0.698  v. 

0.678  v. 

15  seconds 

0.738  v. 

0.726  v. 

0.709  v. 

30  seconds 

0.741  v. 

0.730  v. 

0.715  v. 

45  seconds 

0.744  v. 

0.733  v. 

. Q.-712__y., . 

60  seconds 

0.746  v. 

0.736  v. 

0.719  v. 

75  seconds 

0.747  v. 

0.737  v. 

0.720  v. 

90  seconds 

0.748  v. 

0.738  v. 

0.721  v. 

105  seconds 

0.749  v. 

0.739  v. 

0.722  v. 

120  seconds 

0.749  v. 

0.740  v. 

Q.723..V. 

180  seconds 

0.751  v. 

0.743  v. 

0.724  v. 

240  seconds 

0.751'  v. 

0.745  v. 

0.726  v. 
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FIGURE  lie)  Cont. 

Anodic  Polarization  of  Zinc 


43 

Type  of 
sample 

Electrolyte  - Potato  Starch  (40  mls/l  gr) 
Inhibitor  - 1.0$  Wheat  Gluten  and  amal.  zinc 

Anodic  Polarizati 

Lon  Current  Density  4.33  ma/sq.om. 

Reading  taken 
initially  at 
70°  F 

Reading  taken 
after  3 months 
at  113°  F 

Reading  taken 
after  6 months 
at  113°  F 

O.C.V.  before 
polarization 

0.801  v. 

0.796  v. 

0.794  v. 

Time  on 
polarization 

Anodic  Voltage 

. 

1 second 

0.758  v. 

0.738  v. 

0.643  y. 

15  seconds 

0.772  v. 

0.750  v. 

0.758  v. 

30  seconds 

0.776  v. 

0.754  v. 

0.761  v. 

45  seconds 

0.778  v. 

0.757  v. 

0.763  v. 

60  seconds 

0.779  v. 

0.759  v. 

0.764  v. 

75  seconds 

0.780  v. 

0.760  v. 

0.765  v. 

90  seconds 

0.780  v. 

0.761  y. 

0.765  v.' 

105  seconds 

0.781  v. 

0.762  v. 

0.766  v. 

120  seconds 

0.781  v. 

0.763  v. 

0.767  v. 

180  seconds 

0.781  v. 

0.765  v. 

0.768  v. 

240  seconds 

0.781  v. 

0.766  v. 

0.764  v. 
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ANODIC  POLARIZATION  OF  ZING 

(a)  1.0%  Devitalized  Wheat  Gluten 

n,on  (b)  1.0%  Devitalized  Wheat  Gluten  - Aroal.  Zlno 
Tested  initially  at  70°  P , 


0.8d*- 


Unamal. 
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„ FIGURE  116) 

Anodic  Polarization  of  Zinc 


Series  No. 

4 

Type  of 
sample 

Electrolyte  - Potato  Starch  (40  mls/l  gr) 
Inhibitor  - 1.0#  Protein  R2E-570  (unamal.  zinc) 

Anodic  Polarizati 

Lon  Current  Density  4.33  ma/sq.cm. 

Reading  taken 
initially  at 
70°  P 

Reading  taken 
after  3 months 
at  113°  F 

Reading  taken 
after  6 months 
at  113°  F 

O.C. V.  before 
polarization 

0.701  v. 

0.767  v. 

0.757  v. 

Time  on 
polarization 

Anodic  Voltage 

1 second 

0.678  v. 

0.658  v. 

0.681  v. 

15  seconds 

0.718  v. 

0.701  v. 

0.699  v. 

30  seconds 

0.736  v. 

0.711  v. 

0.717  v. 

45  seconds 

0.741  v. 

0.716  v. 

0.719  v. 

60  seconds 

0.742  v. 

0.719  v. 

0.720  v. 

75  seconds 

0.744  v. 

0.722  v. 

0.722  v. 

90  seconds 

0.744  v. 

0.724  v. 

0.723  v. 

105  seconds 

0.745  y. 

0.726  v. 

0.724  v. 

120  seconds 

0.746  v. 

0.727  v. 

0.725  v. 

180  seconds 

0.747  v. 

0.731  v. 

0.727  v. 

240  seconds 

0.748  v. 

0.733  v. 

0.728  v. 

/ 
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FIGURE  l(d.)  Gont. 

Anodic  Polarization  of  Zinc 


Series  No. 

44 

Type  of 
sample 

Electrolyte  - Potato  Starch  (40  mls/l  gr) 
Inhibitor  - 1.0$  Protein  R2E570  and  amal.  zinc 

Anode  Polarization  Current  Density 

4.33  ma/sq.om.  j 

Reading  taken 
initially  at 
70°  F 

Reading  taken 
after  3 months 
at  113°  F 

Reading  taken 
after  6 months 
at  113°  F 

O.C.V.  before 
polarization 

0.801  v. 

0.795  v. 



0.784  v. 

Time  on 
polarization 

Anodic  Voltage 

1 second 

0.748  iv. 

0.718  v. 

0.754  v. 

15  seconds 

0.769  v. 

0.748  v. 

0.713  v. 

30  seconds 

0.771  v. 

0.750  v. 

0.741  v. 

45  seconds 

0.773  v. 

0.752  v. 

0.747  v. 

60  seconds 

0.774  v. 

0.754  v. 

0.749  v. 

75  seconds 

0.774  v. 

0.756  v. 

0.751  v. 

90  seconds 

0.775  v. 

0.757  v. 

0.754  v. 

105  seconds 

0.775  v. 

0.758  v.  • 

0.755  v. 

120  seconds 

0.775  v. 

0.759  v. 

0.756  v. 

180  seconds 

0..775  v. 

0.762  v. 

0.766  v. 

240  seconds 

0.775  V. 

0.764  v. 

0.767  v. 
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FIGURE  lie) 


Anodic  Polarization  of  Zinc 


Series  No* 

28 

Type  of 
sample 

Electrolyte  - Potato  Starch  (40  mls/l  gr) 
Inhibitor  - 0.20$  Antarox  A-403  (unamal.  zlno) 

Anodio  Polarizat; 

Lon  Current  Density  4.33  ma/sq.cm. 

Reading  taken 
Initially  at 
70°  F 

Reading  taken 
after  3 months 
at  113°  F 

Reading  taken 
after  6 months 
at  113°  F 

O.C.V.  before 
polarisation 

0.789  v. 

0.762  v. 

0.338  v. 

Time  on 
polarization 

- Anodio  Voltage 

1 second 

0.680  v. 

0.628  v. 

0.168  V. 

15  seoonds 

0,7^2;  V. 

0.675  v. 

0.068  v. 

30  seconds 

0.728  v. 

0,684  v. 

0.052  v. 

45  seoonds 

0.732  v. 

0.689  v. 

0.061  v. 

60  seoonds 

0.733  v. 

0.692  v. 

0.052  v. 

76  seconds 

0.735  V. 

0.693  v. 

0.050  v. 

90  seoonds 

0.736  v. 

0.695  v. 

0,045  v. 

105  seoonds 

0,736  v. 

0.696  v. 

0.040  v. 

120  seoonds 

0.737  v. 

0.697  v. 

0.036  v. 

180  seoonds 

0.739  v. 

0.700  v. 

0.019  v. 

240  seoonds 

0.739  v.  • 

0.702  v.  ■ 

0.010  v. 
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FIGURE  1(e)  Cont. 


Anodic  Polarization  of  Zinc 


Series  No. 

33 

Type  of 
sample 

Electrolyte  - Potato  Starch  (40  mls/l  gr) 
Inhibitor  - 0.20$  Antarox  A-403  and  amal.  zinc 

Anodic  Polarization  Current  Densil 

;y  4.33  ma/sq.cm. 

Reading  taken 
initially  at 
70°  F. 

Reading  taken 
after  3 months 
at  113°  F. 

Heading  taken 
after  6 months 
at  113°  F. 

0. C. V.  before 
polarization 

0.801  v. 

0.795  v. 

0.768  v. 

Time  on 
polarization 

Anodic  Voltage 

1 second 

0.698  v. 

0.718  v. 

0.648  v. 

IS  seconds 

0.739  v. 

0.704  v. 

0.669  v. 

30  seconds 

0.744  v. 

0.699  v. 

0.678  v. 

45  seconds 

0.746  v. 

0.697  v. 

0.682.  v. 

60  seconds 

0.747  v. 

0.697  v. 

0.685  v. 

75  seconds 

0.747  v. 

0.699  v. 

0.687  v. 

90  seconds 

0.689  v. 

105  seconds 

1 I 

1 

120  seconds 

0.747  v. 

0.704  v. 

0.692  v. 

180  seconds 

0.747  v. 

0.711  v. 

0*698  Xu 

240  seconds 

0.747  v. 

0.715  v. 

0.700  v. 
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FIGURE  1(f) 


Anodic  Polarization  of  Einc 


Series  No* 

47 

Type  of 
sample 

Electrolyte  - Potato  starch  (40  ml/l  gr. ) 
Inhibitor  - 0.1$  Quinaldine  - unamal.  zinc 

Anodic  polarizatj 

Lon  current  density  4.33  ma/sa.cm. 

Initial 
reading  at 
70°  F. 

Reading  after 
1 month  storage 
at  113°  F. 

Reading  after 
3 months  storage 
at  113°  F. 

O.C.V.  before 
polarization 

0.748  v. 

0.749  v. 

0.752  v. 

Time  on 
polarization 

Anode  Voltage 

1 second 

0.708  v. 

0.638  v. 

0.638v. 

15  seconds 

0.708  v. 

0.690  v. 

0.678  v. 

30  seconds 

0.709  v. 

0.695  v. 

0.683  v. 

45 '.seconds 

0.710  v. 

0.698  v. 

0.686  v. 

60  seconds 

0.710  v. 

0.7  01  v. 

0.688  v. 

75  seconds 

0,710  v. 

0.703  v. 

0.690  v. 

90  seconds 

0.711  v. 

0.705  v. 

0.691  v. 

105  seconds 

0.711  v. 

0.706  v. 

0.692  v. 

120  seconds 

0.711  v. 

0.707  v. 

0.694  v. 

180  seconds 

0.712  v. 

0.711  v. 

0.697  v. 

240  seconds 

0.713  v. 

‘ 0.713  v. 

0.699  v. 

d a c ur  i t ,v  J.  n f o r i na  t i o n 
. n:;  c trio  ted  _ 
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ANODIC  POLARIZATION  OF  ZINC 
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FIGURE  3 


Anodic  and  Cathodic  Polarization  of  Zinc 

Sample  No.  I A-0 

Type  of 
a ample 

Electrolyte  - Potato  Starch  (40  mls/l  gm. ) with 
no  inhibitor  - unamalgamated  zinc  only. 

Electrolyte  24%  NH4C1  ; 22.5%  ZnClg  ; 53.5%  HgO 

Composition  (Composition  by  weight) 

Area  of  zinc 
anode 

0.785 
sq.  cm. 

Area  of  zinc 
cathode 

0.785 
sq. cm. 

Tested  @ 70°F 

Tested  @ 113°F 

Tested  @ 160°F 

O.C.V. 

0.780  v. 

O.C.V. 

0.776  v. 

O.C.V. 

0.773  v. 

Polarization 

Current 

Anode 

Voltagd 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

0.08  ma. 

0.767  v. 

0.810  v. 

0.772  v. 

0.790  v. 

0.772  v. 

0.777  v. 

0.16  ma. 

0.766  v. 

0.818  v. 

0.769  v. 

0.797  v. 

0.771  v. 

0.779  v. 

0.30  ma. 

0.766  v. 

0.819  v. 

0.767  v. 

0.801  v. 

0.768  v. 

0.784  v. 

0.50  ma. 

0.765  v. 

0.821  v. 

0.767  v. 

0.807  v. 

0.767  v. 

0.787  v. 

1.00  ma. 

0.7 Gl„  v. 

0,824  v. 

0.764  v. 

0.811  v. 

0.  764v. 

0.793  v. 

1.50  ma. 

0.759  v. 

0.828  v. 

0.761  v. 

0.812  v. 

0.762  v. 

Q.796  v. 

2.00  ma. 

0.757  v. 

0.828  v. 

0.758  v. 

0.812  v. 

0.759  v. 

0.800  v. 

2.50  ma. 

0.756  v. 

0.831  v. 

0.756  v. 

0.815  v. 

0.758  v. 

0.802  v. 

1 3.00  ma. 

0.753  v. 

0.832  v. 

0.755  v. 

0.817  v. 

0.755  v. 

0.805  v. 

r 

3i  50  ma • 

0.752  v. 

0.834  v. 

0.753  v. 

0.820  v. 

0.753  v. 

0.807  V. 
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FIGURE  ?(a) 


f 

Anodic  and  Cathodic  Polarization  of  Zinc 

Sample  No.  A-l 

Type  of 
sample 

Electrolyte  - Potato  Starch  (40  mls/l  gm. ) with 
0.20$  NagCrgOy  as  inhibitor 

Electrolyte  24 % NH4CI  ; 22.5$  ZnClp  ; 53*5$  HgO 

Composition  (Composition  by  weight) 

Area  of  zinc  0.785  Area  of  zinc 

anode  sq.cm.  cathode 

0.785 
sq.  cm. 

Tested  at  70°F 

Tested  at  113°F 

Tested  at  160°F 

O.C.V. 

0.793  v. 

O.C.V. 

0.780  v. 

O.C.V. 

0.778  v. 

Polarization 

Current 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

' ■ 1 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

0*08  ma. 

0.779  v. 

0.797  v. 

0.768  v. 

0.800  v. 

0.775  v. 

0.787  v. 

0.16  ma. 

0.772  v. 

0.839  v. 

0.761  v. 

0.812  v. 

0.764  v. 

0.807  v. 

0.30  ma. 

0.772  v. 

0.750  v. 

0.835  v. 

0.749  v. 

0.822  v. 

0.50  ma. 

0.768  v. 

0.999  V. 

0,732  v. 

0.847  v. 

1.00  ma. 

0.761  v. 

1.032  v. 

0.709  v. 

liillSi 

HEBSHi 

1.50  ma. 

0.744  V. 

1.053  v. 

0,672  v. 

0.958  v. 

HSH 

2.00  ma. 

IHSHHi 

CRH 

2,50  ma. 

0.725  v. 

1.031  v. 

0.639  v. 

0.958  v. 

0.676  y. 

0.883  v. 

3.00  ma. 

0.717  v. 

1.035  v. 

0.633  v. 

0.963  v. 

0.673  v. 

0#  9 33  v • 

3#  50  i&cl  • 

0,709  v. 

1.034  v. 

0.635  v. 

0.988  v. 

0.663  v. 

0,931  v. 
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ANODIC  AND  CATHODIC  POLARIZATION  OF  ZINC 
SAMPLE  A-l  (INHIBITOR-  .20%  NA/!*a  07  ) 
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FIGURE  5(b) 


Sample  No. 


Type  of 
sample 


Electrolyte 

Composition 


Anodic  and  Cathodic  Polarization  of  Zinc 


Electrolyte  - Potato  Starch  (40  mls/1  gm. ) with 
0. 25$  Mercury  in  Zinc  as  inhibitor. 


24$  NE4CI  ; 22.5$  ZnClo 
(Composition  by  weight! 


53.5$  H2O 


Area  of  zinc 

0.785 

Area  of  zinc 

0.785 

anode 

sq.cm. 

cathode 

sq.cm. 

Polarization 

Current 


0.08  ma. 


0.16  ma. 


0.30  ma. 


0.50  ma. 


i 


2.00  ma. 


2.50  ma. 


3. 00  ma . 


Tested  a 

t 70°F 

Tested  at 

113°F 

Tested  at 

160°F 

O.C.V. 

0.790  v. 

O.C.V. 

O.C.V. 

0.776  v. 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

0.785  v. 

0.791  v. 

0.785  v. 

0.786  v. 

0.776  v. 

EBSH 

0.781  v. 

0.794  v. 

0.784  v. 

0.788  v. 

0.776  v. 

0.776  v. 

0.775  v. 

0.798  v. 

0.783  v. 

0.791  v. 

0.775  v. 

0.777  v. 

0.767  v. 

0.804  v. 

0.782  v. 

0.797  v. 

0.775  v. 

0.778  v. 

0.756  v. 

0.818  v. 

0.780  v. 

0,808  v. 

0.773  v. 

0.779  v. 

0.750  v. 

0.831  v. 

0.778  v. 

0.816  v. 

0.772  v. 

0.781  v. 

0.746  v. 

0.828  v. 

0.776  v. 

0.818  v. 

0.771  v. 

0.782  v. 

0.752  v. 

0.829  v. 

0.775  v. 

0.818  v. 

0.770  v. 

0.784  v. 

0.750  v. 

0.827  v. 

0.772  v. 

0.819  v. 

0.770  v. 

0.786  v. 

0.752  v. 

0.829  v. 

0.770  v. 
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FIGURE  3b 

I^ODIC  and  CATHODIC  POLARIZATION  OF  Z 
SAMPLE  A-2  (INHIBITOR-. 25*/.  Hs  IN  Z N ) 
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0.70 

0-60 
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FIGURE  5(c) 


Anodic  and  Cathodic  Polarization  of  Zinc 

Samole  No.  A- 3 

Type  of 
sample 

Electrolyte  - Potato  Starch  (40  mls/l  gm. ) with 
0.20$  Antaron  R-155  as  inhibitor 

Electrolyte 

Composition 

24$  NH4CL  ; 22.5$  ZnCl2  ; 53.5$  H2O 
(Composition  by  weight) 

Area  of  zinc 
anode 

0.785 

sq.cm. 

Area  of  zinc 
cathode 

0.785 
sq.  cm. 

Tested  at 

; 70°F 

Tested  al 

t 113°F 

Tested  at  160°F 

O.C.V. 

0.771  v. 

O.C.V. 

0.773  v. 

O.C.V. 

0.753  v. 

Polarization 

Current 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

0.08  ma. 

0.749  v. 

0.867  v. 

0.715  v. 

0.825  v. 

0.730  v. 

0.808  v. 

0.16  ma. 

0.731  v. 

0.874  v. 

0.712  v. 

0.848  v. 

0.715  v. 

0.829  v. 

0.30  ma. 

0.730  v. 

0.890  v. 

0.709  v. 

0.877  v. 

0.693  v. 

0,850  v. 

0.50  ma. 

0.720  v. 

0.887  v. 

0.708  v. 

0,886  v. 

0.677  v. 

0.869  v. 

1.00  ma. 

0.716  v. 

0.884  v. 

0.707  v. 

0,879  v. 

0.679  v. 

0.881  v. 

1.50  ma. 

0.717  v. 

0.887  v. 

0.709  v. 

0.879  v. 

0.669  v. 

0.874  v. 

2.00  ma. 

0.718  v. 

0.890  v. 

0.707  v. 

0.881  v. 

0.669  v. 

0.876  v. 

2.50  ma. 

0.716  v. 

0.894  y. 

0.708  v. 

0.881  v. 

0.662  v. 

0.876  v. 

3.00  ma. 

0.714  v. 

0.897  v. 

0.707  v. 

0.884  v. 

0.670  v. 

0.876  v. 

3.50  ma. 

0.712  v. 

0.900  v. 

0.704  v. 

0.887  v. 

0.672  v. 

0.875  v. 
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FIGURE  3c 

ANODIC  AND  CATHODIC  POLARIZATION  OF  ZINC 

SAMPLE  A-3  (INHIBITOR  - .20%  ANTARON  R-155) 
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FIGURE  3(d) 


Anodic  and  Cathodic  Polarization  of  Zinc 

Sample  No.  A-4 

Type  of 
sample 

Electrolyte  - Potato  Starch  (40  mls/l  gm. ) with 
0.20$  Antarox  A-403  as  inhibitor 

Electrolyte 

Composition 

24$  NH4CI  ; 22.5$  ZnCl2  ; 53.5 $ H2O 
(Composition  by  weight) 

Area  of  zinc 
anode 

0.785 
sq. cm. 

Area  of  zinc 
cathode 

0.785 

sq.cm. 

Tested  at  70°F 

Tested  at  113°F 

Tested  al 

t 160°F 

O.C.V. 

0.794  v. 

1 1 

Polarization 

Current 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

0.08  ma. 

0.777  v. 

0.821  v. 

0.754  v. 

| 

1 

0.16  ma. 

0.764  v. 

0.861  v. 

0.748  v. 

0.855  v. 

0.740  v. 

0.813  v. 

0.30  ma. 

0.761  v. 

0.860  v. 

0.748  v. 

0.864  v. 

0.726  v. 

0.829  v. 

0.50  ma. 

0.759  v. 

0.863  v. 

0.743  v. 

0.863  v. 

0.720  v. 

0.846  v. 

1.00  ma. 

0.756  v. 

0.865  v. 

0.743  v. 

0.859  v. 

0,725  v. 

0.859  v. 

1.50  ma. 

0.750  v. 

0.868  v. 

0.742  v. 

0.863  v. 

0.722  v. 

0.847  v. 

2.00  ma. 

0.747  v. 

0.872  v. 

0.739  v. 

0.863  v. 

0.728  v. 

0.850  v. 

2.50  ma. 

0.744  v. 

0.873  v. 

0.738  v. 

0.866  v. 

0.724  v. 

0.849  v. 

3.00  ma. 

0.740  v. 

0.877  v. 

0.736  v. 

0.867  v. 

0.725  v. 

0.851  v. 

50  ma • 

0.737  v. 

0.879  v. 

0.735  v. 

0.870  v. 

0.723  v. 

0.851  v. 
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FIGURE  3d 

ANODIC  AND  CATHODIC  POLARIZATION  OF  ZINC 
SAMPLE  A-4  (INHIBITOR  “ .20%  ANTAROX  A-403) 


POLARIZATION  CURRENT  (IN  M.A.) 
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FIGURE  5(e) 


Anodic  and  Cathodic  Polarization  of  Zinc 


Sample  No, 


A- 5 


Type  of 
sample 


Electrolyte  - Potato  Starch  (40  mls/l  gm. ) vlth 
1*0%  Protein  R2E-570  as  inhibitor 


Electrolyte 

Composition. 


24%  NH4CI  ; 22.5%  ZnCl2  ; 53.5%  H2O 
(Composition  by  weight) 


Area  of  zinc 

0.785 

Area  of  zinc 

0.785 

anode 

sq.cm. 

cathode 

sq.cm. 

Tested  at  70°F 

Tested  at  113°F 

Tested  al 

6 160°F 

o.c.v. 

0.777  v. 

O.C.V. 

6.777  v. 

O.C.V. 

0.766  v. 

Polarization 

Current 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

0.08  nta. 

0.752  v. 

0.807  v. 

0.772  v. 

0.820  v. 

0,740  v. 

0.7998 

0.16  ma. 

0.745  v. 

0.847  v. 

0.766  v. 

0.825  v. 

0.727  v. 

0.815  v. 

0.30  ma. 

0.745  ▼. 

0.855  v. 

0.760  v. 

0.833  v. 

0.730  v. 

0.842  v. 

0.50  ma. 

0.73°  v. 

0.861  v. 

0.756  v. 

0.839  v. 

0.724  v. 

0.860  v. 

1.00  ma. 

0.730  v. 

0.867  v. 

0.751  v. 

0.849  v. 

0.722  v. 

0.863  v. 

1.50  ma. 

0.723  v. 

0.873  v. 

0.749  v. 

0.854  v. 

0.712  v. 

0.862  v. 

2.00  ma. 

0.721  v. 

0.877  v. 

0.746  v. 

0,856  v. 

0.714  v. 

0.863  v. 

2.50  ma. 

0.717  v. 



0.878-  v. 

0.744  v. 

0.860  v. 

0.714  v. 

0.858  v. 

3.00  ma. 

0.715  v. 

0.882  v. 

0.741  v. 

0.863  v. 

0.715  v. 

0.857  ▼. 

3.50  ma. 

0.712  v. 

0.881  v. 

0.739  v. 

0.866  v. 

0.711  V. 

0.855  v. 
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FIGURE  3e 

ANODIC  AND  CATHODIC  POLARIZATION  OF  ZINC 
SAMPLE  A~5  (INHIBITOR  1.0%  PROTEIN  R2E~570) 
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FIGURE  3( f) 


Anodic  and  Cathodic  Polarization  of  Zinc 


Sample  No. 


A-6 


Type  of 
sample 


Electrolyte  - Potato  Starch  (40  mls/1  gm. ) with 
1.0#  Denatured  Gluten  as  inhibitor 


Electrolyte 

24#  NH4CI  j 22.5#  ZnClg  ; 55.5#  H2O 

Composition 

(Composition  by  weight) 

Area  of  zinc 

0. 

785 

Area  of  zinc 

0.785 

anode 

sq. cm. 

cathode 

sq.cm. 

Tested  at  7 0°F 

Tested  at  113°F 

Tested  at  160°F 

O.C.V. 

0.784  v. 

O.C.V. 

0.780  v. 

O.C.V. 

0.768  v. 

Polarization 

Current 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathode  . 

Voltage 

— 

0.08  ma. 

0.759  v. 

0.807  v. 

0.758  v. 

0.841  v. 

0.757  v. 

0.826  v. 

0.16  ma. 

0.755  v. 

0.853  v. 

0.754  v. 

0.846  v. 

0.749  y. 

0.845  v. 

0.30  ma. 

0.754  v. 

0.856  v. 

0.753  v. 

0.847  v. 

0.740  v. 

0.850  v. 

0.50  ma. 

0.750  v. 

0.857  v. 

0.745  v. 

0.847  v. 

0.729  v. 

0.844  v. 

1.00  ma. 

0.747  v. 

0.859  v. 

0.746  v. 

0.849  v. 

0.729  v. 

0.849  v. 

1.50  ma. 

0.746  v. 

0.862  v. 

0.743  v. 

0.853  v. 

0.728  v. 

0.845  v. 

2.00  ma. 

0.743  v. 

0.863  v. 

0.739  v. 

0.854  v. 

0.737  v. 

0.848  v. 

2.50  ma. 

0.742  v. 

0,866  v. 

0.738  v. 

0.858  v. 

0.732  v. 

0.846  v. 

3.00  ma. 

0.740  v. 

0.866  v. 

0.735  v. 

0.858  v. 

0.736  v. 

0.847  v. 

3.50  ma. 

0.739  v. 

0.869  v. 

0.734  v. 

0.861  v. 

0.734  v. 

0.847  v. 
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FIGURE  3f 

ANODIC  AND  CATHODIC  POLARIZATION  OF  ZINC 

SAMPLE  A-6  (INHIBITOR -1.0%  DENATURED  GLUTEN) 
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Anodic  and  Cathodic  Polarization  of  Zinc 


Sample  No. 


Type  of 
sample 


Electrolyte 

Composition 


Area  of  zinc 
anode 


Electrolyte  - Potato  Starch  (40  mls/l  gm. ) with  0.20# 
Hg  in  zinc  plus  0.20#  antaron  R-155  as  inhibitors 


24#  NH4CI  j 22.5#  ZnClp  ; 
(Composition  by  weight) 


0.78J 
sq. cm. 


Tested  at  70°F 


0.797  v. 


Area  of  zinc 
cathode 


Polarization 

Current 


0.08  ma. 


0.16  ma. 


0.50  ma. 


1.00  ma. 


Anode 

Voltage 


0,791  v. 


0.758  v. 


0.743  v. 


0.737  v. 


0 <06  v. 


Cathode 

Voltage 


Tested  at  113°F 

O.C.V. 

mai 

Anode 

Voltage 

Cathode 

Voltage 

0.773  v. 

0.797  v. 

0.762  v. 

0.804  v. 

0.743  v. 

0.826  v. 

0.727  v. 

0.850  v. 

0.702  v. 

0.883  v. 

53.5#  H2O 


0.785 
sq.  cm. 


Tested  at  160°F 


O.C.V. 


Anode 

Voltage 


0.765  v. 


0.762  v. 


Cathode 

Voltage 


0.774  v. 


0.797  v. 


0.754  v.  0.013  v. 


0.744  v.  0.833  v. 


0.725  v.  0,859  v. 


2.00  ma. 

0.683  v. 

0.897  v. 

0.674  v. 

0.887  v. 

0.706  v. 

0.878  v. 

2.50  ma. 

0.674  v. 

0.900  v. 

0.665  v. 

0.888  v. 

0.700  v. 

0.886  v. 

3.00  ma. 

0.666  v. 

0.902  v. 

0.657  v. 

0.889  v. 

0.693  v. 

0.886  v. 

3.50  ma. 

0.659  v. 

0.904  v. 

0.650  v. 

0.892  v. 

0.689  y. 

0.888  v. 
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FIGURE  3g 

ANODIC  AND  CATHODIC  POLARIZATION  OF  ZINC 

SAMPLE  A- 9 (INHIBITOR-  .20%  HG  IN  ZN  + 
.20%  ANTARON  R-155 


POLARIZATION  CURRENT  (IN  M. A.) 
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FIGURE  5(h) 


Anodic  and  Cathodic  Polarization  of  Zinc 

Sample  No.  A-10 

Type  of 
sample 

Electrolyte  - Potato  Starch  (40  mls/l  gra. ) with  0.20# 
NagCrgOy  plus  0.20#  Antaron  R-155  as  inhibitors 

Electrolyte  24#  NH4CI  ; 22.5#  ZnClg  ; 53.5#  H2O 

Composition  (Composition  by  weight) 

Area  of  zinc  0.785  Area  of  zinc  0.785 

anode  sq. cm.  cathode  sq.cm. 

Tested  at  70°F 

Tested  at  113°F 

Tested  at  160°F 

O.C.V. 

0.780  v. 

O.C.V. 

0.775  v. 

O.C.V. 

0.761  v. 

Polarization 

Current 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

0.08  ma. 

0.775  v. 

0.880  v. 

0.768  v. 

0.821  v. 

0.723  v. 

0.802  v. 

0.16  ma. 

0.774  v. 

0.927  v. 

0.763  v. 

0.855  v. 

0.709  v. 

0.832  v. 

0.30  ma. 

0.768  v. 

0.999  v. 

0.744  v. 

0.882  v. 

0.692  v. 

0.864  v. 

0.50  ma. 

0.767  v. 

1.025  v. 

0.736  v. 

0.920  v. 

0.666  v. 

0.892  v. 

1.00  ma. 

0.759  v. 

1.018  v. 

0.701  v. 

0.947  v. 

0.648  v. 

0.902  v. 

1.50  ma. 

0.748  v. 

1.027  v. 

0.689  v. 

0.946  v. 

0.628  v. 

0.910  v. 

2.00  ma. 

0.739  v. 

1.032  v. 

0.692  v. 

0.950  v. 

0.617  v. 

0.919  v. 

2.50  ma. 

0.732  v. 

1 « 035  v • 

0.688  v. 

0.953  v. 

0.603  v. 

0.924  v. 

3.00  ma. 

0.730  v. 

1.037  v. 

0.679  v. 

0.955  v. 

0.596  v. 

0.926  v. 

3 « 50  ma  • 

0.725  v. 

1.036  v. 

0.670  v. 

0.960  v. 

0.589  v. 

0.929  v. 
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FIGURE  3h 

ANODIC  AND  CATHODIC  POLARIZATION  OF  ZINC 

SAMPLE  A- 10  (INHIBITOR  - .20%  NA2C*207  t 
.20%  ANTARON  R-155) 
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Anode  and  Cathodic  Polarization  of  Zinc 


Sample  No. 


Type  of 
sample 


Electrolyte 

Composition 


A - 13 


Electrolyte  - Potato  Starch  (40  mls/1  gm) 
Inhibitor  - 0.1$  Qninaldine 


24.0$  NH4CI  ; 22.5$  ZnCl2  J 53.5$  H20 
(Composition  by  weight) 


Area  of  Zinc 

0.785 

Area  of  Zinc 

0.785 

Anode 

sq.cm. 

Cathode 

sq.  cm. 

Tested  at  7 0°P 


O.C.V.  0.736  v. 


Polarization 

Current 


Anode 

Voltage 


Cathode 


R 


0.30  ma. 


0.50  ma. 


1.00  ma. 


1.50  ma. 


2.00  ma. 


2.50  ma. 


3.00  ma. 


3.50  ma. 


0.713  v. 


0.950  v. 


1.077  v. 


0.714  v.  1.058  v. 


0.711  v.  1.068  v. 


0,712  v. 


0,709  v. 


0,713  v. 


1.078  Y. 


1.073  v. 


1.064  v. 


0.711  v.  .1.058  v. 


0.710  v.  1.068  v. 


Tested  at  113°F 

Tested  al 

O.C.V. 

0.734  v. 

O.C.V. 

Anode 

Cathode 

Anode 

Voltage 

Voltage 

Voltage 

0.715  v. 

0.858  v. 

0.711  v. 

0.724  v. 

HEEHE1 

0.728  v. 

0.714  v. 

0.901  v. 

0.706  v. 

0.715  v. 

0.904  v. 

0.711  v. 

0.710  v. 

0.913  v. 

0.700  v. 

0.711v. 

0.922  v. 

0.707  v. 

0.709  v. 

0.926  v. 

0.704  v. 

0.709  v. 

0.931  v. 

0.7  04  v 

0.710  v. 

1.012  v. 

0.701  v. 

0.710  v. 

1.032  v. 

0.702  v. 

0.741  v. 


Cathode 

Voltage 


il 
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ANODIC  AND  CATHODIC  POLARIZATION  OF  ZINC 

(TESTED  AT  70*F) 
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ANODIC  POLARIZATION 

Anodic  Polarization  Current  Density 

4.55  ma. /sq.cm. 

Inhibitor 

0.1 % (NH4)2Cr207 

0.1%  (NH4)2Cr04 

• 

kfter  24  hrs 
at  70°F 

After  24  hrs 
at  160°F 

After  24  hrs 
at  70°F 

After  24  hrs 
at  160°F 

O.C.V.  before 
polarization 

0.798  v. 

0.784  v. 

0.795  v. 

0.785  v. 

Time  polarized 

Anodic  Voltage 

1 second 

0.658  v. 

0.668  v. 

0.665  v. 

0.658  v. 

15  seconds o 

0.655  v. 

0.652  v. 

0.645  v. 

0 . 625  v . 

50  seconds 

0.654  v. 

0.616  v. 

0.625  v. 

0.587  v. 

60  seconds 

0.626  v. 

0.606  v. 

0.605  v. 

0.577  v. 

90  seconds 

0.624  v. 

0.605  v. 

0.595  v. 

0.579  v. 

120  seconds 

0.628  v. 

0.604  v. 

0.595  v. 

0.582  v. 

180  seoonds 

0.650  v. 

0.606  v. 

0.598  V. 

0.589  v. 

240  seconds 

0.652  v. 

0.608  v. 

0.605  v. 

Q«6g.l-g« 

CATHODIC  AND  ANODIC  POLARIZATION 

Inhibitor 

0.1%  (NH4)2Cr 

202 

0.1%  (NH4)2Cr04 

Tested  <8  70°F 

Tested  © 160°F 

Tested  <a  70°F 

Tested  @ 160°F 

Polarization 

Current 

OCV  - c 

.796  v. 

OCV  - 0.778  v. 

OCV  - 0.795  v. 

OCV  - 0.786  v. 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

0.01  ma. 

0.789 

0.802 

0.776 

0.781 

0.791 

0.814 

0.784 

WKWM 

0.814 

mm 

0.779 

0.821 

0.768 

0.787 

0.786 

0.840 

0.779 

0.804 

0.046  ma. 

0.777 

0.857 

0.760 

0.789 

0.786 

0.845 

0.776 

0.809 

0.07&  ma. 

0.772 

0.858 

0.750 

0.798 

0.782 

0.852 

0.772 

0.822 

0.100  ma. 

0.769 

0.844 

0.759 

0.802 

0.782 

0.857 

0.765 

0.829 

0.764 

0.850 

0.728 

0.817 

0.781 

0.863 

0.755 

0.500  ma. 

0.750 

ram 

0.705 

0.830 

0.778 

0.878 

0.736 

0.854 
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FIGURE  6S 
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ANODIC  POLARIZATION 

Anodic  polarization  current  density 

4.33  ma. /sq.cm. 

Inhibitor 

1.0%  (NH4)2Cr207 

1.0%  (NH4)2Cr04 

After  24  hrs 
at  70°F 

After  24  hrs 
at  160°F 

After  24  hrs. 
at  7 0°F 

After  24  hrs. 
at  160°F 

O.C.V.  before 
polarization 

0.789  v. 

0.694  v. 

0.793  v. 

0.789  v. 

Time  polarized 

Anodic  Voltage 

1 second 

0.578  v. 

0.548  v. 

0.683  v. 

0.688  v. 

15  " 

0.621  v. 

0.556  v. 

0.714  v. 

0.623  v. 

50  " 

0.668  v. 

0.576  v. 

0.724  v. 

0.614  v. 

60  " 

0.714  v. 

0.597  v. 

0.732  v. 

0.617  v. 

90  " 

0,724  v. 

0.611  v. 

0.734  v. 

0.618  v. 

120  " 

0.729  v. 

0.621  v. 

0.737  v. 

0.617  v. 

180  " 

0.733  v. 

0.640  v. 

0.739  v. 

0.611  v. 

240  " 

0.736  v. 

0.657  v. 

0.739  v. 

0.605  v. 

CATHODIC  AND  ANODIC  POLARIZATION 


Inhibitor 

1.0%  (NH4)2Cr207 

1.0%  (NH4)2Cr04 

Tested  & 70°F 

Tested  fe  160°F 

Tested  <k  70°F 

Tested  % 160°F 

Polarization 

Curront 

OCV  - 0.795  v. 

OCV  - 0.798  v. 

OCV  - 0.779  v. 

Anode 

Voltage1 

Jathode 

Voltage 

0.01  ma. 

0.790 

0.801 

0.741 

0.763 

0.792 

0.807 

0.776 

0.784 

0.029  ma. 

0.778 

0.810 

0.728 

0.768 

0.791 

0.821 

0.767 

0.790 

0.035  ma. 

0.773 

0.819 

0.726 

0.776 

0.790 

0.842 

0.764 

0.799 

0.046  ma. 

0.768 

0.718 

0.780 

0.791 

0.850 

0.751 

0.803 

0.075  ma. 

0.763 

0.836 

0.712 

0.790 

0.788 

0.887 

0.744 

0.822 

0.100  ma. 

0.753 

0.843 

0.701 

0.796 

0.787 

0.915 

0.725 

0.830 

0.150  ma. 

0.745 

0.860 

0.692 

0.811 

0.785 

0.945 

0.713 

0.846 

0.300  ma. 

0.721 

0.884 

0.671 

0.826 

0.782 

6.977 

0.671 

0.862 
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FIGURE  6 (Cont.) 


ANODIC  POLARIZATION 


Anodic  Polarization  Current  Density 


3.0%  (NH4)2Cr20 


4.33  ma. /sq.cm. 


Inhibitor 


0.  C.V.  before 
polarization 


Time  polarized 


1 second 


After  24  hr 
at  70°F 


0.772  v. 


0.754  v. 


Anodic  Voltage 


After  24  hrs 

After  24  hrs 

at  70°F 

at  160°F 

0.795  v. 

0.789  v. 

0.578  v. 

0.698  v. 

0.718  v. 

0.713  V. 

0.678  v. 

0.724  v. 

0.732  v. 

0.731  v. 

0.711  v. 

0.726  v. 

0.735  v. 

0.742  v. 

0.725  v. 

0.730  v. 

0.734  v'. 

0.747  v. 

■EKSHI 

0.731  v. 

0.731  v. 

0.750  v. 

0.729  v. 

0.730  v. 

0.728  v. 

0.754  v. 

0.729  v. 

0.729  v. 

0.721  v. 

0.756  v. 

0.729  v. 

0.728  v. 

0.716  v. 

Inhibitor 


CATHODIC  AND  ANODIC  POLARIZATION 

U 


Polarization  Anode 
Current  /o 

0.01  ma  0.780 


0.075  ma. 


0.300  ma. 


0.764 


0.742 


0.735 


0.725 


0.708 


0*788  V 


0.756 
0.806  0.752 
0.812  0.750 


0.825  0.740 


0.835 


0.856  0.707 

0.876  0.697 


0.932  I 0.691 


Tested  <§  70°F 


OCV  - 0.796  ▼.  OCV  - 0.783  ▼ 


Cathode 

Anode 

Voltage 

Voltag< 

.0.760 

0.790 

0.767 

0.788 

0.786 

0.864  i 

0.781 

0.802 

0.787 

0.927 

0.782 

0.785 

0.955 

0.779 

0.825 

0.783 

0.974 

0.780 

0.840 

0.782 

0.993 

0.777 

0.892 

0.778 

1.029 

0.775 

0.934 
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FIGURE  6B  (Cont.) 
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FIGURE  7 


ANODIC  POLARIZATION 

Anodic  Polarization  Current  Density 

4.33  ma. /sq.cm. 

Inhibitor 

0*25%  Hg  in  Zn 

0.25%  Hg  in  Zn  ♦ 0.2%  AmCr 

kfter  24  hrs 
at  70°F 

After  24  hrs 
at  130°F 

After  24  hrs 
at  70°  F 

After  24  hrs 
at  130 °F 

O.C.V.  before 
p'blarization 

0.807  v. 

0.801  v. 

0.797  v. 

0.799  v. 

Time  polarized 

Anodic  Voltage 

1 second . 

0.778  v. 

0.797  v. 

0.658  v. 

0.658  v. 

15  " 

0.778  v. 

0.779  v. 

0.692  v., 

0.624  v. 

30  " 

0.777  v. 

0.777  v. 

0.678  v. 

0.621  v. 

60  " 

0.774  v. 

0.778  v. 

0.705  v. 

0.622  v. 

90  ” 

0.773  v. 

0.778  v. 

0.709  v. 

0.625  v. 

120  " 

0.774  v. 

0.778  v. 

0.711  v. 

0.628  v. 

180  " 

0.776  v. 

0.777  v. 

0.719  v. 

0.634  v. 

240  " 

0.776  v. 

0.777  v. 

0.721  v. 

0.635  v. 

CATHODIC  AND  ANODIC  POLAR 

I Z ATI ON 

Inhibitor 

0.25%  Hg  in  Zn 

1.25%  Hg  In  Zn 

«•  0.2%  AmCr 

Tested  ® 70°F 

Tested  <&  130°F 

Tested  @ 70°F 

Tested  <s  130<F 

OCV  - C 

1.808  v. 

OCV  - 0.804  v. 

OCV  - C 

).800  v. 

OCV  - C 

>.797  v. 

Polarization 

Anode 

Cathode 

Anode 

Cathode 

Anode 

Cathode 

Anode 

Cathode 

Current 

Voltage 

Voltage 

/oltage 

Voltage 

/oltage 

Voltage 

/oltage 

Voltage 

0.01  ma. 

0.808 

0.809 

0.804 

0.805 

0.794 

0.812 

0.796 

0.800 

0.029  ma. 

0.808 

0.809 

0.804 

0.805 

0.786 

0.830 

0.792 

0.004 

0.035  ma. 

0.807 

0.810 

0.804 

0.805 

0.784 

0.840 

0.791 

0.808 

0.046  ma. 

0.807 

0.804 

0.805 

0.783 

0.846 

0.787 

0.812 

0.075  ma. 

0.807 

0.811 

0.804 

0.805 

0.777 

0.853 

0.783 

0.824 

0.807 

0.812 

0.804 

0.805 

0.773 

0.858 

0.774 

0.833 

0.806 

0.814 

0.803 

0.806 

0.765 

0.865 

0.767 

0.853 

0.300  ma. 

0.804 

0.820 

0.803 

0.806 

0.751 

0.878 

0.753 

0.865 
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FIGURE  7 (Cont. ) 


ANODIC  POLARIZATION 

Anodic  Polarization  Current  Density 

4.33  xna. /sq.cm. 

t 

Inhibitor 

0.1%  Antaron  R 155 

0.3%  Antarox  A 403 

After  24  hrs 
at  70°  F 

After  24  hrs 
at  130°  F 

After  24  hrs 
at  ,70e  F 

After  24  hrs 
at  130°  F 

O.C.V.  before 
polarization 

0.754  v. 

0.764  v. 

0.780  v. 

0.773  v. 

Time  polarized 

Anodic  Voltage 

1 seoond 

0.628  v. 

0.738  v. 

0.683  v. 

0.716  v. 

15  " 

0.646  v. 

0.696  v. 

0.722  v. 

0.713  v. 

30  " 

0.662  v. 

0.700  v. 

0.729  v. 

0.714  v. 

60  " 

0.681  v. 

0.707  v. 

0.735  v. 

0.715  v. 

90  " 

0.688  v. 

0.711  v. 

0.738  v. 

0.718  v. 

120 

0.694  v. 

0.714  v. 

0.741  v. 

0.721  v. 

180  " 

0.701  v. 

0.720  v. 

0.742  v. 

0.724  v. 

240  " 

0.705  v. 

0.724  v. 

0.745  v. 

0.724  V. 

CATHODIC  AND  ANODIC  POLARIZATION 


Inhibitor 

0.1%  Antaron  R 155 

0.3%  Antarox  A 403 

Tested  @ 70°F 

Tested  130°F 

Tested  % 70°F 

Tested  @ 130°] 

Polarization 

Current 

OCV  - 0.771  v. 

OCV  - C 

>.774  v. 

OCV  - 0.771  v, 

— 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

' 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathoda 

Voltagi 

0.01  ma. 

0.807 

0.767 

0.777 

0.765 

0.809 

0.757 

0.780 

0.029  ma. 

EBni 

0.838 

0.761 

0.780 

0.759 

0.835 

0.755 

0.783 

0'03&  in&« 

EKSI 

0.843 

0.759 

0.795 

0.757 

0.842 

0.754 

0.784 

0.046  ma. 

0.731 

0.852 

0.755 

0.849 

0.754 

0.786 

0.075  ma. 

0.865 

0.749 

0.830 

0.748 

0.863 

0.751 

0.791 

O.lOd  ma. 

0.879 

0.741 

0.833 

0.743 

0.874 

0.748 

0.796 

0.894 

0.732 

0.837 

0.737 

0.890 

Pfl- 

o.en 

0.300  ma. 

0.876 

0.721 

0.845 

0.722 

0.892 

0.737 

aepppil 
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FIGURE  J-JCont.) 


ANODIC  POLARIZATION 


Anodic  Polarization  Current  Densit' 


Inhibitor 


O.C.V.  before 
polarization 


Time  polarized 


1 second  • 


15  " 


30  " 


.2%  AmCr  ♦ 0.1%  Ant.R15d  0.2%  Hg  in  Zn  ♦ 0.1%  Ant.RlI 


After  24  hrs 
at  70°  F 


0.774  v. 

, 

0.744  v. 

0.797  v. 

0.798  v. 

Anode 

Voltage 

0.578  v. 

0.453  v. 

0.648  v. 

0.718  v. 

0.631  v. 

0.468  v. 

0.674  v. 

0.711  v. 

0 # 633  v • 

0.468  v. 

0.683  v. 

0.713  v. 

0.638  v. 

0.458  v. 

0.690  v. 

0.714  v. 

0.645  v. 

0.461  v. 

0.693  v. 

0.714  v. 

0.650  v. 

0.465  v. 

0.696  v. 

0.715  v. 

0.658  v. 

0.467  v. 

0.701  v. 

0.717  v. 

Inhibitor 


CATHODIC  AND  ANODIC  POLARIZATION 


.2%  AmCr  » 0.1%  Ant.  R155  0,2%  Hr  in  Zn  ♦ 0.1%  Ant.R155 

ested  @ 70°F  Tested  <&  130°F  Tested  L7 


OCV  - 0.780  v.  OCV  - 0.775  v.  OCV  - 0.786  v. 


Polarization 

Current 


Cathode 

Voltage 


Cathode 

Voltage 


Cathode 

Voltage 
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0.01  ma. 

0.766 

0.813 

0.770 

0.814 

0.743 

■ERS39I 

0.753 

0.845 

0.756 

0.840 

0.734 

0.897 

0.764 

0.6 

359 

0.035  ma. 

0.750 

0.851 

0.750 

0.852 

0.732 

0.898 

0.762 

mBBSBBM 

0.747 

0.861 

0.746 

0.871 

0.732 

0.900 

0.756 

S3 

0.075  ma. 

0.739 

0.881 

0.730 

0.894 

0.727 

0.887 

0.748 

0.6 

383 

0.732 

0.895 

0.732 

0.898 

0.729 

0.891 

0.739 

0.6 

391 

0.718 

0.908 

0.708 

0.897 

0.725 

0.892 

0.729 

0.6 

399 

0.300  ma. 

0.696 

0.948 

0.700 

0.915 

0.721 

0.902 

0.707 

0.6 

392 
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FIGURE  7 J Cont . ) 


ANODIC  POLARIZATIOh 

Anodic  Polarization  Current  Density 

4.33  ma. /sq.cm. 

Inhibitor 

0.2#  AmCr  ♦ 0.3#  Ant.A40I 

» 0.2#Hg  in  ♦ 0.3#  Ant.  A403 

After  24  hrs 
at  70°  F 

After  24  hri 
at  130°  F 

After  24  hrs. 
at  70°  F 

After  24  hrs 
at  130°  F 

O.C.V.  before 
polarization 

0.790  v. 

0.769  v. 

0.807  v. 

0.801  v. 

Time  polarized 

Anode  Voltage 

1 second 

0.683  v. 

0.753  v. 

0.796  v. 

15  " 

0.629  v. 

0.698  v. 

0.753  v. 

0.787  v. 

30  " 

0.705  v. 

0.752  v. 

0.786  v. 

60 

0.616  v. 

0.713  v. 

0.754  v. 

0.786  v. 

90  " 

0*605  v • 

0.717  v. 

0.756  v. 

0.787  v. 

120 

0.596  v. 

0.719  v. 

0.757  v. 

0.786  Vi 

180  " 

0.585  v. 

0.721  v. 

0.758  v. 

0.787  v. 

240  " 

0.578  v. 

0.723  v. 

0.760  v. 

0.787  v. 

CATHODIC  AND  ANODIC  POLARIZATION 


Inhibitor 

0.2^  .unCr  ♦ 0.3#  Antarox  A403 

0.2#  Hg  in  Zn  ♦ 0.3#  Ant.A403 

Tested  @ 70°F 

Tested  €»  130°F 

Tested  <£.  70°F 

Tested  130°F 

Polarization 

Current 

OCV  - 0.796  v. 

OCV  - 0.766  v. 

OCV  - 0.808  v. 

OCV  - 0.802  v. 

Anode 

Voltage 

kathode 

Voltage 

Anode 

Voltage 

kathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

0.01  ma. 

0.787 

0.798 

0.748 

0.722 

0.807 

0.808 

0.802 

0.802 

0.774 

0.814 

0.747 

0.778 

0.807 

0.809 

0.802 

0.802 

0.035  ma. 

0.771 

0.821 

0.747 

0.783 

0.807 

0.810 

0.803 

0.766 

0.825 

0.746 

0.793 

0.807 

0.810 

0.802 

0.803 

0.756 

0.839 

HEiEl 

Eiiiii 

0.811 

0.802 

0.803 

0. 100  ma. 

0.752 

0.848 

0.742 

0.819 

0.806 

0.813 

0.802 

0.804 

0.150  ma. 

0.743 

0.873 

0.740 

0.835 

0.805 

0.816 

0.8Q2 

0.804 

0.300  ma. 

0.735 

0 . 887 

0.739 

0.865 

0.803 

0.825 

0.802 

0.806 
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ANODIC  POLARIZATIO] 

Anodic  Polarization  Current  Density 

4.33  ma. /sq.cm. 

Inhibitor 

0.2%  AmCr  ♦ 0.3%  Neut. 

0,2%  Hg  in  Zn  ♦ 0.3%  Neut. 

After  24  hra 
at  70°  p 

After  24  hr 
at  130©  p 

After  24  hrs. 
at  70°  F 

After  24  hrs. 
at  130°  F 

0. C.V.  before 
polarization 

0.768  v. 



0.766  v. 

0.806  v. 

0.798  y. 

Time  polarized 

Anodic  Voltage 

1 second 

0.663  v. 

0.658  v. 

0.713  v. 

0.761  v. 

15  " 

0.703  v. 

0.656  v. 

0.7  20  v. 

0.744  v. 

50  " 

0.707  v. 

0.655  v. 

0.723  v. 

0.743  v. 

60  " 

0.712  v. 

0.653  v. 

0.728  v. 

0.742  v. 

90  " 

0.714  v. 

0.656  v. 

0.732  v. 

0.743  v. 

120  " 

0.715  v. 

0.656  v. 

0.735  v. 

0.743  v. 

180  " 

1 

1 

0.739  v. 

0.743  V. 

240  " 

KiSSESSH 

0.658  v. 

o,74L  y« 

0.743  v. 

Cathodic  and  Anodic  Polarization 


Inhibitor 

0.2%  AmCr  * 0.3%  Neutronyx 

0.2%  Hg  in  Zn  ♦ 0.3%  Neutrony; 

Tested  @ 70°F 

Tested  & 130°F 

Tested  © 70°F 

Tested  @ 130°F 

Polarization 

Current 

rnmmrn 

n 

Anode 

Voltage 

Cathode 

Voltage 

Cathode 

Voltage 

Anode 

Voltage 

- 

Cathode 

Voltage 

Anode 

Voltage 

Cathode 

Voltage 

0.01  ma. 

0.776 

0.798 

0.742 

0.787 

0.807 

0.808 

0.802 

0.029  ma. 

0.774 

0.820 

0.736 

0.823 

0.805 

0.811 

0.802 

0.803 

0.035  ma. 

0.771 

0.830 

0.735 

0.831 

0.804 

0.812 

0.802 

0.803 

1 

0.766 

0.837 

0.733 

0.839 

0. 805 

.0,31  S_ 

q,ao2— 

0.803  _ 

0.075  ma. 

0.758 

0.852 

0.727 

0.852 

0.801 

0.817 

0.802 

0.804 

■ HWW*! 

0.751 

0.862 

0.730 

0.865 

0.799 

0.820 

0.801 

0.804 

0.150  ma. 

0.742 

0.883 

0.724 

0.882 

0.796 

0.827 

0.801 

0.804 

0.300  ma. 

0.721 

0.903 

0.716 

0.887 

0.788 

0.850 

0.799 

0.806 
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Tin*  on  Polarization  (in  seconds) 


Time  on  Pblarisation  (in  seconds) 


ANODIC  POLARIZATION  OF  ZINC 


Time  on  Polarization  (in  seconds) 


Anodic  and  Cathodic  Polarisation  of  Zinc 
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FIGURE  7B  (Cont.) 
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Anodic  Voltage 


Inhibitor  - 
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FIRUKS  8 

Visual  Corrosion  Studies  (xinc  partially  Immersed) 


Storage 

Conditions. 


Sample 

No. 


Strip  of  zinc  stored  in  electrolyte  containing 
inhibitor.  Inhibitor  percentage  by  weight  of  electrolyte. 
Sample  stored  at  113°F  for  one  year. 

/.'eight  of  zinc  T 

i -l, ^ s> — Percent 


Inhibitor 


Antarox  A-200 


An tar ox  D-100 


Antarox  a-403 


Antarox  A-400 


Quaternary 


Amine 


Antaron  R-155 


Detergent  D-60PG 


Sequestrene  Na-2 


Percent 

of 

Inhibitor 

0.05$ 

0.20 

0.50 

0.05 

0.20  

0.50 

0.05 

0.20 

0.50 

0.05 

0.20 

0.50 

0.05 

0.20 

0.50 

0.05 

0.20 


Initl allv  After  12  mos  of  weight 
xniniaxuy  ,,,on  lost 


1.20  cm. 


_1.3_3_ 

1.27 
JL.  45_ 
1.05 
1.16 
1.24 

1.20 
i.  55 
l._  10_ 

1.20 
1 . 29_ 
JL_.01_ 
1.15 

1.28 

1.11 


at  113  F 
0.95  gm. 
0.95 

1.05 
0.98 

1.06 
0.81 
0.87 
0.91 

0.91 

1.06 

__0.82_ 

0.99 

1.00 

0.77 

0.96 

1.07 

0.93 


0.20 


0.50 


mu 


0.20 


0.50 


0.05 


0.20 


0.50 


1.19 


1.33 


1.09 


l.»8 


1.13 


1.00 


1.06 


0.90 


0.92 


0.88 


0.67 


0.79 


22.5$ 

21.5 
21.1 
22.8 

26.7 

22.8 

25.0 

26.6 

24.1 

21.5 

25.4 

17.5 

22.5 
24.7 

16.5 
16.4 

16.2 


16.0 


20.3 


22.4 


10.7 


37.0 


30.1 
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PlGURK  8 ( cont . 1 


Sample 

No. 

Inhibitor 

rercent 

of 

inhibitor 

.Veip’ht  of  zinc 

Percent 
of  weight 
lost 

Initially 

After  12 
mos.-  113°P 

28 

Sequestrene  Na-4 

0.05 

Mtt&mzm 

17.6-#  _ 

29 

0.20 

1.30 

1.11 

14.6 

50 

0.50 

1.10 

- . .. 

.31 

.Na2Cr207 

_ ...  . ...  ...  _.  ....  ..  ...  ....  . 

0.05 

1.21 

1.00 

17.4 

■331 

0.20 

1.16 

1.05 

9.5 

33 

0.50 

1.43 

1.34 

6.3 

34 

1.00 

1.32 

1.27 

3.8 

- 35 

2.00 

1.08 

1.05 

2.8 

36 

Denatured  Gluten 

0.50 

1.24 

0.98 

21.0 

37 

1.00 

1.37 

_____ 

_ _ _ _ 

—38 

2.00 

1.35 

— 

— — — «• 

39 

Special  Wheat 
Protein  H2B-570 

0.50 

1.18 

0.90 

23.8 

40 

1.00 

1.32 

1.21 

8.4 

41 

2.00 

1.05 

. 

..... 

42 

Protein  #3323 

0.50 

1.19 

. ..  . 

.... 

43 

1.00 

1.33 

. ..  . 

..... 

44 

2.00 

1.30 

.... 

45 

Devitalized 
Wheat  Gluten 

0.50 

1.14 

.... 

46 

-.1.00 

1.15 

0.920 

20.0 

47 

2.00 

1.19 

. 

.... 

48 

Triticote  #87 

0.50 

1.28 

| — __ 

.... 

49 

1.00 

1.21 

.... 

50 

2.00 

1.11 

0.81 

27.0 

51 

Special  'A'heat 
Protein  R2E-1301 

0.50 

1.24 

1.00 

19.3 

52 

. 1.00 

1.05 

— — — — 

.... 

55 

2.00 

1.41 

1.09 

22.7 

54 

Mercury  in  zinc 

0.05 

1.22 

0.99 

18.8 

55 

Lercury  in  zinc 

0.10 

1.00 

21.6 

56 

kercury  in  zinc 

0.20 

wmBm 

0.89 

23.2 

57 

kercury  in  zinc 

0.30 

1.14 

0.76 

33.3 

58 

kercury  in  zinc 

0.40 

1.26 

0.67 

47.0 
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y flOuitS  9 

Visual  Corrosion  otudies  (^inc  totally  immersed) 


Storage  Strip  of  zinc  stored  in  electrolyte  containing 

Conditions  inhibitor.  Inhibitor  nerc  .it^e  by  weignt  of  electrolyte. 
Sarmle  stored  at  113°t''  for  oar-  year. 


Samole 

so. 

rercent 

of 

InLibitor 

■>ei;;nt  of  zinc 

Percent 
of  weight 
lost 

Inhibitor 

T nitially 

•ifter  12 
rnos.  - 113°F 

1 

1 

H 

1 

15.5/0 

2 

an tar ox  a- 200 

0.20 

0.60 

0.46 

23. 3 

3 

0 . 50 

0 . 47 

0.39 

17.0 

4 

0.05 

0.  >0 

0.66 

17.5 

5 

Antarox  D-100 

0.20 

0.71 

0.54 

24.0 

6 

j 

0.50 

0.80 

0.68 

15.0 

7 

• 

0.05 

0.75 

0.61 

18.7 

8 

antarox  A-403 

0.20 

0.59 

0.48 

18.7 

9 

0.63 

0.57 

9.5 

10 

1 

u . 80 

0.68 

15.0 

11 

antarox  a-400 

0.20 

0.65 

0.51 

21.6 

12 

0.50 

0.64 

0.52 

18.8 

13 

0.05 

G.h9 

0.71 

20.0 

14 

quaternary  "C" 

0.20 

0.58 

18.3 

15 

0 . 50 

0.72 

17.2 

16 

0.05 

0.78 

0.58 

25.6 

17 

amine  "C" 

0.20 

0.78 

0.67 

14.1 

IS 

0.50 

0.77 

0.69 

10.4 

19 

0.05 

0.82 

0.74 

9.8 

20 

antaron  K-155 

0.20 

0.61 

12.8 

21 

, 0.50 

0.63 

11.3 

22 

i 0.05 

0.78 

0.67 

14.1 

23 

Detergent  D-60.FG 

0.20 

0.74 

0.68 

8.1 

24 

0.50 

0.71 

0.53 

25.4 

. 25 

0 . u5 

0.80 

0.62 

22.5 

26 

deque strene  r;a-  2 

0.20 

0.72 

0.60 

16.7 

27 

0.50 

. 0.80 

I 

immrnm 
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fillSEiKii 

Inhibitor 

Percent 

of 

Inhibitor 

weight  of  zinc  | 

Percent 
of  weight 
lost 

Initially 

After  12 
mos.  ~.113°F 

28 

oequestrene  Na-4 

0 . 05/o 

? <rjjB 

0.61  gni. 

29,0/0 

29 

0-20 

I 

0.61 

24.8 

30 

0,50 

0.90 

0.62 

31.1 

31 

Na2Grg07 

0.05 

0.87 

0.81 

6.9 

32 

0.20 

0.79 

0.74 

6.3 

33 

0.50 

0.73 

0.69 

5.5 

34 

1.00 

0.71 

0.68 

4.2 

35 

2.00 

0.65 

0.62 

4.6 

36 

Denatured  Gluten 

O.r  ) 

0.75 

0.66 

12.0 

57 

1.00 

0.77 

0.65 

15.6 

38 

2.00 

0.81 

0.69 

14.8 

39 

Special  Wheat 
Protein  R2E-570 

0.50 

0.74 

0.70 

5.4 

40 

1.00 

0.70 

0.65 

7.2 

41 

2.00 

0.70 

0.60 

14.3 

42 

Protein  #5323 

0.50 

0.65 

0.57 

18.5 

43 

‘l.OO 

0.73 

0.64 

12.3 

44 

2.00 

0.64 

0.52 

18.8 

45 

Devitalized  Wheat' 
Gluten 

0.50 

0.76 

0.70 

7.9 

46 

1.00 

0.82 

0.63 

23.2 

47 

mmm 

0.72 

0.59 

18.1 

48 

Triticote  7f87 

0.50 

0.68 

0.59 

13.2 

49 

1.00  ■ 

0.77 

0.64 

16.9 

50 

2.00 

0.79 

0.62 

21.5 

51 

Special  Wheat 
Protein  R2E-1301 

,0.50 

0.71 

0.63 

11.3 

52 

1.00 

0.75 

0.63 

16.0 

53 

2.00 

0.76 

0.69 

9^2 

54 

mercury  In  zinc 

0.05 

0.65 

0.52 

20.0 

55 

hercury  in  zinc 

0.10 

0.81 

0. 60 

18.5 

56 

hercury  in  zinc 

0.20 

0.81 

0.57 

29.6 

57 

I.'.ercury  in  zinc 

0.30 

0.66 

o 

* 

33.4 

58 

Lercury  in  zinc 

0.40 

0.54 

. 0.13 

76.0 
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Part  VT  - Capacity  Results  of  Celia  Stored  at  the  Temperatures  Specified  by 
the  Contract 


Exploratory  experiments  have  been  done  in  an  effort  to  determine  what 
structural  changes  must  be  made  in  conventional  cells  in  order  that  they  may 
meet  the  specifications  required  by  this  contract,  namely,  storage  twelve 
months  at  113°F,  9$%  R.H.,  three  months  at  130°F,  $0%  R.H.  and  two  weeks  at 
160°F,  £ 0 % R.H.  After  this  storage  period,  it  is  desired  that  the  cells  have 
capacities  at  least  one  half  of  the  initial  capacities  of  corresponding  cells. 

Some  satisfactory  data  have  been  obtained  but  the  problem  of  subseal 
leakage  was  a serious  one.  The  subseal  used  was  a high  melting  form  of  Amprol 
wax  (Atlantic  Refining  Company).  This  wax  does  not  normally  flow  at  l60°F 
but  under  the  pressure  generated  in  cells  stored  at  l60°F  it  is  forced  out 
around  the  top  seal. 

In  order  to  overcome  this  problem  several  different  types  of  waxes  were 
tested,  but  none  was  found  which  could  be  handled  satisfactorily  and  still 
v not  result  in  subseal  leakage.  Another  method  was  found  however  that  decreased 
the  subseal  and  paste  leakage  considerably  and,  in  many  cases,  stopped  it 
completely.  This  method  involved  the  use  of  a polyethylene  gasket  incorporated 
into  the  top  seal  design.  This  gasket  was  crisped  between  the  sine  can  and 
the  plastic  top  seal  making  a tight  seal  at  this  point  and  at  the  same  time 
it  gave  a tight  seal  between  the  top  seal  and  the  carbon  rod.  This  gasket 
was  used  with  and  without  a wax  subseal  and  the  results  were  compared  to 
those  using  a conventional  amprol  wax  subseal.  These  results  are  shown  in 
Figure  #1.  A heat  resistant  polystyrene  cap  has  been  used  as  the  final  top 
seal  and  has  proven  to  be  very  satisfactory.  This  cap  is  held  in  place  by 
crimping  the  top  of  the  sine  can. 

Several  lots  of  fabricated  cells  contained  100f%  African  ore  mixes  in 
which  conventional  inhibitors  were  tested.  Both  conventional  starch  formulations 
(com  starch,  potato  starch  and  flour)  and  modified  starch  formulations  were 
used.  Other  lots  were  made  in  which  100/S  Cryptomelane  and  30%  Cryptomelane 
~ 10%  African  ore  mixes  were  employed.  Several  types  (morphological)  of 
Cryptomelane  were  tried  in  the  latter  tests.  A conventional  separator  of  com 
starch,  potato  starch,  flour  and  eledtrolyte  and  a mercury  inhibitor  were  used 
in  those  cells  containing  Cryptomelane  ores. 

Ihe  best  results  were  obtained  with  cells  using  sodium  dichromate  as 
the  inhibitor.  In  the  cases  where  the  dichromate  was  used  as  the  inhibitor 
a reservoir  of  chromate  ions  was  added  to  the  mix  in  the  form  of  chromic 
oxide  or  barium  chromate.  Since  the  ore  has  a tendency  to  absorb  chromate 
ions,  this  reservoir  was  added  to  satisfy  the  absorption  rather  than  taking 
the  ions  from  the  inhibitor  in  the  paste. 

In  many  cases  it  has  been  noticed  that  the  use  of  chromate  as  an  inhibitor 
seriously  decreases  delayed  room  temperature  capacity  due  to  the  passivation 
of  the  zinc  by  the  chrome  film.  The  reason  that  excellent  elevated  temperature 
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capacity  is  obtained  may  be  that  the  passivating  tendency  of  the  chrome  film 
is  decreased.  This  has  been  shown  to  be  true  from  polarization  studies. 

The  use  of  chromic  oxide  or  barium  chromate  as  the  ion  reservoir  does, 
however,  make  considerable  difference.  Cells  using  chromic  oxide  gave  very 
poor  results  while  those  using  barium  chromate  gave  very  good  results.  This 
has  been  also  found  to  be  true  with  cells  stored  at  l£o°F. 

The  capacity  results  obtained  from  cells  at  130°F.  show,  as  did  the 
results  obtained  from  cells  stored  at  l60°F.  and  113°F.,  that  African  ore 
appears  to  give  more  satisfactory  and  consistent  results  than  do  blends  of 
African  and  an  activated  ore  probably  due  to  the  fact  that  the  African  ore 
undergoes  less  change  in  crystal  structure  during  the  storage  period  than  do 
the  activated  ores. 

The  evaluation  of  Anodite  and  Cryptolite  as  the  depolarizer  for  high 
temperature  shows  that  best  results  are  obtained  when  they  are  blended  with 
African  ore  (30^  Cryptolite  or  Anodite  - 70%  African  ore). 

Capacity  results  of  fabricated  cells  after  storage  are  condensed  and 
tabulated  under  storage  temperature.  Figures  2,  3 and  1*  are  for  those  cells 
which  were  stored  twelve  months  at  113°F.  3%%  R.H.,  while  Figures  5 and  6 
are  for  cells  stored  three  months  at  1306F,  5 0 % R.H„,  and  Figures  7 and  8 
are  for  cells  stored  two  weeks  at  160°F,  $0%  R.H. 
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Conclusions 

1*  Capacity-  results  of  cells  stored  at  temperatures  specified  by  the 
contract  shows  that 8 


a.  Cells  can  be  made  which  operate  satisfactorily  after  storage 
for  one  year  at  113°F.  95%  R.H. 


b. 


Cells  can  be  made  which  operate  satisfactorily  after  storage 

for  awe  year  at  130°F.  5 0; % R.H. 

3 tprrxTk* 


Cells  can  be  made  which  operate  satisfactorily  after  storage 
for  two  weeks  at  l60°F.  $0 % R.H. 


2.  African  ore  appears  to  be  the  most  satisfactory  manganese  dioxide 
for  elevated  temperature  storage  especially  when  cells  are  stored  for  an 
extended  period. 

3.  Increased  capacity  and  decreased  leakage  can  be  obtained  from  cells 
stored  at  l60°F.  by  the  use  of  a polyethylene  gasket,  substituted  for  the 
wax  sub-seal,  and  incorporating  it  as  part  of  the  heat  resistant  polystyrene 
top  seal. 

1*.  Using  Cryptomelane  in  blends  with  African  ore  gave  excellent  results 
after  storage  at  113°F.  95%  R.H.  for  a period  of  one  year. 

5.  Best  capacity  results  from  cells  stored  at  either  130°F.  or  160°F. 
were  obtained  from  those  using  sodium  dichromate,  a combination. of  sodium, 
dichromate  and  Antaron  R-155  or  a combination  of  mercury  and  Antaron  Jt-l55 
as  the  inhibitor. 
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FIGURE  g) 


Comparative  Capacity  Results  Of  Cells  Stored  At  160°F 


Storage  conditions  before 
initially  testing 


2 weeks  at  70°F,  50$  R.H. 


Storage  conditions  for  cells 
stored  at  160°F  (tested  at 
70°F) 


2 weeks  at  70°F  , 50$  R.H. 

2 weeks  at  160°F  , 50$  R.H. 


Test 

Testing 

Time 

Type  of  Subseal 

Amprol 

wax 

Amprol  wax  with 

polyethylene 

gasket 

Polyethylene 
gasket  - no  wax 
aubseal 

BA- 30 
(days) 

13.7 

13.7 

After  2 wks. 
at  160°F 

mm 

11.5 

11.0 

BA-8 
(hrs. ) 

' 

244.0 

244.0 

244.0 

After  2 wks. 
at  160°F 

143.0 

180.4 

168.8 

BA-408 

(hrs.) 

KiBBBBi 

— 

22.6 

22.6 

After  2 wks. 
at  160°F 

11.6 

16.8 

17.8 
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I FIGURE  2 


LeClanchi  Type  "D"  Cells  For  Storage  At  113°  F.  (Construction) 


K 

Storage  Time  Before  Initial 
Testing  At  70°  F. 

2 weeks  at  70°F 

- 50#  R.H 

1 

Storage  Time  For  Cells  Stored 
At  113°F  (Tested  at  7QOF) 

1 month  at  70°F 
1 year  at  113°F 

- 50$  R.H 

- 95$  R.H 

1 

Lot 

No. 

Mix 

Formulation 

Separator 

Subseal 

Seal 

1 

B2148 

100$  African  Ore 
7/1  - ore/black 

Starch  - flour  paste 
0.3$  HgCl2  as 
inhibitor 

Amprol 

wax 

Bake lit e 
cap 

1 

B2149 

100$  African  ore 
7/1  - ore/black 

Starch  - flour  paste 
.0.3$  HgCl2  as 
inhibitor 

Amprol 

wax 

Bakelite 

cap 

K 

1 

B2150 

100$  African  ore 
7/1  - ore/black 
0.5$  CrOs 

Starch  - flour  paste 
0.3$  Na2Cr207  as 
inhibitor 

Amprol 

wax 

Bakelite 

cap 

I 

B2151 

100$  African  ore 
7/l  - ore/black 
1.0$  BaCr04 

Starch  - flour  paste 
0.3$  Na2Cr207  as 
inhibitor 

amprol 

wax 

Bakelite 

cap 

I 

B2152 

100$  African  ore 
7/l  - ore/black 
1.0$  BaCr04 

Specially  treated 
starch  - 0.3# 

Na2Cr2Q7  as  inhibitor 

amprol 

wax 

Bakelite 

cap 

1 

E 

B2473 

100$  African  ore 
7/1  - ore/black 
0.5$  Cr03 

Specially  treated 
starch  - 0.3$ 

Na2Cr207  as  inhibitor 

amprol 

wax 

Bakelite 

cap 

1 

B2474 

100$  African  ore 
7/l  ore/black 
0.5$  Cr03 

Starch  - flour  paste 
Cans  were  Cronak 
treated 

amprol 

wax 

Bakelite 

cap 

l 

rt 

B2475 

100$  African  ore 
7/1  - ore/black 
1.0$  BaCr04 

Special  starch  paste 
Cans  were  Cronak 
treated 

amprol 

wax 

Bakelite 

cap 

I 


1 
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FIGURE.  2 (conUl 


Lot 

No. 

Mix 

Formulation 

Separator 

Sub seal 

Seal 

B2476 

100$  African  ore 
7/1  - ore/black 
1.0$  BaCr04 

Starch  - flour  paste 
Cans  were  Cronak 
treated 

amprol 

wax 

Bakelite  j 
cap 

B2477 

100$  African  ore 
7/1  - ore/black 

Starch  - flour  paste 
0.5$  Antarox  A-403 
as  inhibitor 

| 

amprol  ; 
wax 

Bakelite , 
cap 

B2478 

100$  African  ore 
7/1  - ore/black 

Starch  - flour  paste 
0.3$  HgCl2  as 
inhibitor  j 

amprol 

wax 

Bakelite 

cap 

B2479 

100$  African  ore 
7/1  - ore/black 
0.5$  Or 03 

Starch  - flour  paste 
0.3$  Na2Crg07  as 
inhibitor 

amprol 

wax 

Bakelite 

cap 

B2480 

100$  African  ore 
7/1  - . ore/black 
1 • 0$  BaCr04 

Starch  - flour  paste 
0.3$  Na2Cr207  as 
inhibitor 

amprol 

wax 

' 

Bakelite 

cap 

B2611 

20$  Light  Hydrate 
80$  African  ore 
7/1  - ore/black 

Special  starch  paste 
0.3$  HgCl2  as  in- 
hibitor 

amprol 

wax 

Bakelite 

cap 

r. 
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, FIGUltiS  2 A 

LeClanchi  Type  "D"  Cells  Stored  at  115°  F (Capacity) 


Test  Results 


Lot 

No. 

Cell 

No. 

BA-30  (days) 

BA-8  (hours) 

BA-408/U  (hours) 

Initial 

1 year  at 
113°  F 

Initial 

1 year  at 
113°  F 

Initial 

1 year  at 
113°  F 

1 

13.7 

4.6 

■H 

96.0 

19.0 

12.0 

2 

13.5 

5.0 

WEBm 

104.0 

19.0 

10.7 

■ 

5 

5.0 

Wmm 

88.0 

19.0 

12.6 

ma 

13.6 

mmm 

202.0 

96.0 

19.0 

11.8 

n 

12.8 

8.4 

205.0 

112.0 

m mm 

mm 

13.2 

8.2 

206.0 

126.4 

■ 

B2149 

m 

13.4 

10.2 

206.0 

129.6 

BSfl 

WBMm 

Ave. 

13.1 

8.9 

206 . 0 

122.6 

17.0 

11.8 

1 

14.4 

Cells 

207.0 

Cells 

18.0 

Cells 

2 

14.6 

no 

210.0 

no 

17.0 

no 

B2150 

3 

14.4 

good 

206.0 

i 

good, 

18.0 

good 

Ave. 

14.5 

.... 

208.0 

.... 

17.7 

— 

1 

14.2 

8.0 

196.0 

150.4 

13.5 

2 

13.6 

5.8 

219.0 

130.7 

■ 

14.1 

B2151 

3 

13.2 

208.0 

147.2 

1 

14.7 

Ave. 

13.7 

>6.9 

208.0 

. 143.0 

16.6 

14.1 

m 

1 

13.6 

mm 

195.0 

Cells 

16.0 

14.0 

2 

13.6 

195.0 

no 

17.0 

i 

3 

14.0 

■■ 

192.0 

good 

17.0 

■ i 

Ave. 

13.7 

‘ 1.5 

194.0 

.... 

16.6 

14.0 

1 

14.4 

EH 

194.0 

I55.I 

18.0 

14.8 

2 

14.0 

1 SM 

195.0 

iM>.5 

18.0 

16.0 

B2473 

3 

12.8 

mm 

194.0 

157.4  - 

17.0 

16.6 

Ave. 

13.7 

10.4 

194.0 

138.9 

17.6 

15.8 

1 

13.6 

Cells 

195.0 

Cells 

18.0 

Cells 

2 

14.0 

no 

208.0 

no 

17'.  0 

no 

B2474 

3 

13.0 

good 

200.0 

good 

16.0 

good 

ave. 

13.5 

— 

201.0 

37.0 

1 

12.2 

8.4 

193.0 

138.2 

18.0 

13.6 

2 

12.2 

7.8 

183.0 

1394 

17.0 

14.1 

B2475 

3 

12.4 

7.8 

194.0 

11+0.8 

17.0 

15.1 

Ave. 

B9I 

8.0 

139.5 

17.3 

14.3 
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FI CURB  3 

Leclanche  Type  "D"  Cells  Stored  At  113°  F.  (Construction) 
e time  before  initial  2 weeks  at  70°P  - 50/  It. II. 


Storage  time  before  initial 
testing  at  70°  P. 


Storage  time  for  cells  stored 
at  113°F  (Tested  at  7 0°P) 


1 month  at  70°P  - 50 / tt.H. 
1 year  at  113°F  - 95/ i R.H. 


Inix 

Formulation 

Separator 

Subseal 

Seal 

100/4  African  ore 
7/1  - ore/black 

Olin  Starch  Formulation 
it 2 - 0.3/  Na2Cr207  as 
inhibitor 

Amprol 

wax 

Bakelite 

cap 

100/  African  ore 
7/1  - ore/black 

Olin  Starch  Formulation 
#3  - 0.25/  ligCl2  as 
inhibitor 

11 

II 

20/. Light  Hydrate 
80/  African  ore 
7/l  - ore/black 

Olin  Starch  Formulation 
it 2 - 0.25/  HgCl2  as 
inhibitor 

11 

11 

100/  Cryp tome lane  (HC1- 
Lt.  Hyd.  leach) 

7/l  - ore/black 

Starch  - flour  paste 

0.25/  rigci2  as 

inhibitor 

- 

Polysty- 
rene cap 

30/  Crypt.  (HC1  - Lt. 
Hyd.  leach)  - 70/  Afr. 
ore  - ore/black  - 7/1 

n 

- 

If 

II 

30/  Crypt.  (ICC1  - Lt. 
Hyd.  leach)  - 70/  Afr. 
7/l  - ore/black 

11 

I? 

II 

30/  Crypt.  (NH4CI  - Lt. 
Ilyd.  leach)  - 70%  Afr. 
7/1  - ore/black 

n 

II 

II 

100/o  Crypt.  (SnCl2  - Lt, 
Hyd.  leach) 

7/1  - ore/black 

n 

11 

30/  Crypt.  (LnCl2  - Lt. 
Hyd.  leach)  - 70/  Afr. 
7/1  -ore/black 

11 

U 

a 

U3347 


B3351 
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FIGURE  ^ (cont.) 


Lot 

Fo. 

It;ix 

Formulation 

Separator 

Subseal 

Seal 

B3697 

100/t>  Crypt.  (SnCl2  - 
vve  stern  Electro  if  18 
leach)  7/1  - oro/black 

Starch  - flour  paste 
0.25$  H3OI2  as 
inhibitor 

Amprol 

wax 

Polysty- 
rene cap 

B3701 

30$  Crypt.  (ZnCl2  - W . E. 
#18  leach)  - 70$  African 
7/l  - ore/black 

It 

11 

11 

] B3704 

100$  Crypt.  (NH4CI  - W. 
E.  leach) 

7/1  - ore/black 

ft 

- 

11 

II 

J B3708 

30$  Crypt.  (NH4CI-W. E. 
#18  leach)  - 70$  Afr. 
7/1  ore/black 

M 

ft 

11 

1 B4609 

30$  Crypt.  (HOI  - Lt, 
Hyd.  leach)  - 70$  Afr. 
7/1  - ore/black 

11 

11 

ti 

T B4610 

30$  Crypt.  (HC1  - Lt. 
Hyd.  leach)  - 70$  Afr. 
7/1  - ore/black 

Olin  starch  formulation 
#2  - 0.25$  HgClg  as 
inhibitor 

11 

11 

1 B4611 

30$  Crypt.  (ZnCl2  - Lt. 
Hyd.  leach)  - 70$  Afr. 
7/l  - ore/black 

Starch  - flour  paste 
0.25$  HgClg  as 
inhibitor 

II 

•1 

I 

I 

I 

I 

l 
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FIGURE  5 A 


Leclanche  Type  11 D11  Celia  Stored  nt  113°  F.  ( Capacity) 


Test 

Results 

Lot 

BA  30  (da 

STs) 

BA  8 (hours) 

BA  408/U 

[hours) 

No. 

Cell 

No. 

Initial 

1 yr.  at 

Initial 

1 yr.  at 

Initial 

1 yr.  at 

113°F 

113°F 

113°F 

1 

17.0 

Cells 

156.0 

58.7 

25.0 

13.5 

B3178 

2 

15.4 

no 

158.0 

100.0 

25.0 

9.5 

3 

17.4 

good 

160.0 

70.0 

25.0 

Ave 

16.6 

158.0 

76.7 

25.0 

11.5 

1 

17.0 

5.0 

208.0 

Cells 

25.0 

Cells 

B3179 

2 

15.8 

2.8 

212.0 

no 

26.0 

no 

3 

17.4 

227.0 

good 

26.0 

good 

Ave. 

16.6 

3.9 

216.0 

25.7 

1 

18.2 

Cells 

2l|0.0 

201.6 

30.0 

14.3 

sB3i80 

2 

17.6 

no 

240.0 

' 172.6 

31.0 

9.8 

’3 

16.6 

good 

240.0 

184.0 

30.0 

13.3 

Ave. 

17.5 

240.0 

186.1 

30.3 

12.8 

1 

12.6 

Cells 

237.0 

64.0 

30.0 

4.0 

{33328 

2 

13.0 

no 

244.0 

54.4 

31.0 

4.0 

l,' 

3 

12.6 

good 

222.0 

27.0 

4^0 

Ave. 

12.7 

234.0 

59.2 

29.3 

4.0 

1 

18.2 

Cells 

228  #0 

• 88.0 

26.0 

14.7 

B3332 

2 

18.2 

no 

208,0 

106.7 

25.0 

10.3 

3 

17.5 

good 

220.0 

77.3 

27.0 

, 

13.3 

Ave. 

17 .9 

219.0 

90.7 

26.0 

12.8 

1 

15.8 

5.6 

213.0 

134.2 

27.0 

16.0 

B3339 

2 

17.0 

7.2 

221.0 

120.0 

20.0 

16.7 

3 

18.0 

195.0 

104.7 

28.0 

* 

Ave. 

16.9 

6.4  , 

213.0 

119.6 

25.0 

16.3 

1 

16.8 

6.0 

168.0 

131.2 

19.0 

10.0 

B3344  . 

2 

14.8 

6.2 

196.0 

108.0 

20.0 

15.0 

3 

15.6 

7.4 

168.0 

B4.4 

19.0 

12.0 

Ave. 

15.7 

6.5 

177.0 

107.9 

IS . 3 

12.3 

1 

15.2 

Cells 

167.0 

60.8 

29.1 

11.7 

B3347 

2 

15.6 

no 

125.0 

136.0 

29.5 

11.6 

3 

16.6 

good 

181.0 

96.0 

27.5 

12.0 

Ave. 

15.8 

158.0 

97.6 

28.7 

, 11.8 
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FIGURE  3 A ( oont. ) 


Test 

Results 

Lot 

BA  30  (days) 

BA  8 (hours) 

BA  408/U 

(hours ) 

No. 

Cell 
No. . 

Initial 

1 yr.  at 

Initial 

1 yr.  at 

Initial 

1 yr.  at 
113°F 

113°F 

113°F 

r 

1 

16.2 

8.6 

199.0 

85.7 

27.0 

11.8 

B3351 

2 

19.2 

5.6 

236.0 

129.5 

18.0 

11.7 

3 

15.2 

8.4 

228.0 

184.0 

26.0 

11.3 

Ave. 

17.5 

7.5 

221.0 

133.1 

23.7 

11.6 

1 

23.9 

6.0 

312.0 

130.0 

48.0 

17.3 

B3697 

2 

24.4 

5.8 

296.0 

136.0 

47.0 

14.7 

3 

. 24.4 

296.0 

83.1 

48.0 

Ave. 

24.2 

5.9 

301.0 

116.4 

47.6 

16.0 

1 

______ 

18.2 

8.2 

287.0 

200.0 

26.0 

15.6 

B3701 

2 

17.2 

8.0 

268.0 

126.8 

26.0 

17.4 

3 

17.4 

251.0 

\ 

' 208.0 

26.0 

16.0 

Ave. 

17.6 

8.1 

269.0 

178.2 

26.0 

16.3 

1 

9.6 

4.6, 

• 349.0 

160.0 

32.  C 

Cells 

B3704 

2 

6.6 

9.2  . 

360.0 

160.0 

48.0 

no 

3 

8.8 

344.0 

50.0 

• 

. 

good 

Ave . 

8.3 

6.9 

351.0 

i60.0 

43.3 

1 

19.2 

7.6 

272.0 

129.1 

29.0 

15.4 

B3708 

2 

19.6 

9l0 

267.0 

208.0 

29.0 

11.6 

3 

: _ 

18.4 

7.6 

278.0 

125.7 

29.0 

11.6 

Ave. 

19.1 

8.1 

272.0 

3.54.2 

29.0 

12.9 

' 1 

15.8 

7.0 

216.0 

102.1 

27.0 

9.1 

B4609 

2 

14.4 

7.4 

195.0 

100.8 

22.0 

14.3 

3 

18.8 

6.8 

229.0 

91.7 

25.9 

' 12.0 

Ave. 

16.3 

7.1 

■ 213.0 

98.2 

25.0 

11.8 

1 

18.8 

7.0  * 

248.0 

131.2 

29.1 

16.0  ■ 

B4610 

2 

14.8 

7.4 

220.0 

136.0 

30.5 

15.6 

, 3 

15.8 

6.8 

224.0 

96.0 

28.3 

16.6 

' 

Ave. 

16.5 

7.1 

230.0 

121.1 

29.3 

16.1 

1 

17.6 

8.4 

243.0 

131.6 

27.7 

16.0 

B4611 

2 

14.8 

7.6 

245.0 

97.6 

26.8 

18.4 

3 

15.8 

8.2 

244.0 

♦ 

136,0 

27.3 

12.7 

Ave  . 

16.1 

8.1 

244.0 

121.7 

27.3 

15.7 
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LeClanche ' Type  "D"  Cells  For 


Storage  Time  Before  Initial 
Testing  At  70°  F. 


Storage  Time  For  Cells  Stored 
At  113°  F.  (Tested  at  70°  F.) 


FIGURE  

Storage  At  II30  F.  (Construction) 


2 weeks  at  7O0  F.  - 50$  R.H. 


Lot 

No. 

Mix 

Formulation 

Separator 

C2327 

100$  African  Ore 

7/l  - ore /black 
1.0$  BaCrOk 

Starch  - flour  paste  - 
0.30$  Na2Cr20y  as 
inhibitor 

C233O 

100$  African  Ore 
7/1  - ore/black 

Starch  - flour  paste 
0.30$  Na2Cr207  as 
inhibitor 

C2333 

. ..  . 

100$  African  Ore 
7/1  - ore/black 

Starch  - flour  paste  - 
0.30$  and 

0.20$  Antaron  RI55 

02336 

100$  African  Ore 
7/1  - ore/black 

Starch  - flour  paste  - 
0.20$  Antaron  RI55 
as  inhibitor 

02339 

100$  African  Ore 
7/1  - ore/black 

Starch  - flour  paste  - 
HgClg  and  0.20$  Ant- 
aron R155  as  inhibitor 

C23I4.2 

100$  African  Ore 
7/1  * ore/black 

Starch  - flour  paste  - 
1.0$  Protein  R2E-270 
without  HgCl2-  inhibitc 

C2&5 

100$  African  Oro 
7/1  - ore/black 

' 

Starch  - flour  paste - 
1.0$  Denatured  Gluten 
and  no  HgCl2  -inhibitor 

G25U-8 

100$  African  Ore 
7/1  - ore/black 
1.0$  BaCrOJj. 

Starch  - flour  paste  - 
0.30$  Na2C*’207lnllibito1 
graphite  treated  rods 

C2351 

100$  African  Ore 
7/1  - ore/black 
1.0$  BaCrOJj. 

Starch  - flour  paste - 
paraffin  treated  rods 

Subseal 


Amprol 

wax 


Amprol 

wax 


Amprol 

wax 


Amprol 

wax 


Amprol 

wax 


Amprol 

wax 


Amprol 

wax 


Amprol 

wax 


Seal 


Polys ty- 
re ne  cap 


Polysty- 
rene cap 


Polysty- 
rene cap 


Polys  ty- 
rene  cap 


Polysty- 
rene cap 


Polysty- 
rene cap 


Polysty- 
rene cap 


Polysty- 
rene cap 


Polysty- 
rene cap 
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■ FIGURE  U(Cont.) 


LeClanche*  Type  "D"  Celia  Stored  At  H30  F.  (Capacity  Results ) 


Test  Results 


Lot 

No*' 

Aver. 

Cell 

BA -30  (days) 

BA-8  (hours) 

1 BA-I1O8/G  (hours) 

Initial 

1 

Initial  i 

C2J27 

1 

Aver. 

11*7 

9.1 

181.6 

118.0 

1 

23-. 8 

20.7 

C2330 

Aver . 

10.2 

6.8 

180.0 

llj.5.0 

20.0 

16.14. 

?2353 

Aver . 

10*3 

5.3 

161.2 

i 

112.0 

i 

1 

22.7 

12.6 

C2336 

Aver. 

11*3 

7*8 

175.0 

162.0 

24-*9  ; 

i 

9.9 

C2339 

Aver. 

12*9 

B 

213.O 

155.0 

25.1 

13.8 

C23l|.2 

Aver* 

12.1 

9*1 

195.0 

152.0 

21.7 

13.3 

02^5 

Aver* 

12*7 

K\ 

. 

GO 

203.8 

171*0 

21^.5. 

14.9 

C2348 

Aver. < 

11*5 

7.8 

176.0 

1I4.0.0 

25 .6 

18.9 

C2351 

Aver . 

12*7 

7.5 

252.5 

173*0 

L.  . 

23.1 

18.8 

I 
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FIGURE  5 

Leclanche  Type  "D"  Cells  For  Storage  At  130°F  (Construction) 


2 weeks  at  70°F,  50/6  R.H. 


Storage  time  "before  initial 
testing  at,  70°F 


Storage  time  for  cells  on  130°F 
storage  (tested  at  7 0°F) 


2 weeks  at  70°F  50$  R.H. 

?>  mnnthq  n t.  T 50$  H.' 


C856 


C857 


C858 


C859 


C860 


C861 


C862 


C863 


C864 


C865 


C873 


Mix 

Formulat  ion 


100$  African  ore 
7/1  - ore/black 
10$  Sal  ammoniac 


100$  African  ore 
7/1  - - ore/black 
10$  Sal  ammoniac 


100$  African  ore 
7/l  - ore/black 
20$  Sal  ammoniac 


100$  African  ore 
7/1  - ore/black 
20$  Sal  ammoniac 


30$  Lt.  Hydrate 
70$  African  ore 
7/l  - ore/black 


30$  Western  Elec 
70%  African  ore 
7/1  - ore/black 


30$  Western  Elec 
70$  African  ore 
7/l  - ore/black 


70>o  African  ore 
7/1  - ore/black 


70$  African  ore 
7/1  - ore/b’lack 


30$  Burgess  Chem  ore 
70$  African  ore 
7/1  - ore/black 


Separator 

Subseal 

Potato  starch,  corn 
starch,  flour  paste 
0.25$  HgClg 

Amprol 

wax 

Olin  starch  formulation 
#2  - 0.25$  HgClg 

Amprol 

wax 

Potato  starch,  corn 
starch,  flour  paste 
0.25$  HgClg 

Amprol 

wax 

Olin  Starch  'formulation 
f/2  - 0.25$  HgClg 

Amprol 

wax 

Potato  starch,  corn 
starch,  flour  paste 
0.25$  HgClg 

Amprol 

wax 

Olin  stai^ch  f-ormulation 
if 2 - 0.25$  HgClg 

Amprol 

wax 

Potato  starch,  corn 
starch,  flour  paste 
0.25$  HgC12 

Amprol 

wax 

Olin  starch  formulation 
#2  - 0.25$  HgClg 

Amprol 

wax 

Potato  starch,  corn 
starch,  flour  paste 
0.'25$  HgClg 

Amprol 

wax 

Olin  starch  formulation 
#2  - 0.25$  HgClg 

Amprol 

wax 

Potato  starch,  corn 
starch,  flour  paste 
0.25$  HgClg 

Amprol 

wax 

Seal 


Poly- 

styrene 

cap 


Poly- 

styrene 

cap 


Poly- 

styrene 

cap 


Poly- 

styrene 

cap 


Poly- 

styrene 

cap 


Poly  - 

styrene 

cap 


Poly- 

styrene 

cap 


Poly- 

styrene 

cap 


Poly- 

styrene 

cap 


Poly- 

styrene 

cap 


Restricted 

Security  Information 


Restricted 
Security  Information 


3/ 


.FIGURE  5 


Lot 

Wo. 

Mix  ' 

Formulation 

Separator 

Sub seal 

Seal 

G874 

'60 jo  Burgess  Chem.  ore 
70/  African  ore 
7/1  - ore/black 

Olin  starch  formulatioi 
#2  - 0.25/  ligCl2 

i Amprol 
wax 

Poly- 

styrene 

cap 

G875 

100/  African  ore 
7/l  - ore/black 
10/  Sal  ammoniac 

Corn  starch,  potato 
starch,  flour  paste 
0.25/  IigCl2 

Amprol 

wax 

Poly- 

styrene 

cap 

C876 

i 

100/  African  ore 
7/1  -.ore/black 
10/  Sal  ammoniac 

Olin  Starch 
Formulation  // 2 
0.25/  HgClg 

Amprol 

wax 

Poly- 

styrene 

cap 

C877 

100/  African  ore 
7/1  - ore/black 
20/  Sal  ammoniac 

Corn  starch,  potato 
starch,  flour  paste 
0.25/  HgClg 

Amprol 

wax 

Poly- 

styrene 

cap 

C878.I 

100/  African  ore 
7/1  - ore/black 
20/  Sal  ammoniac 

Olin  starcH 
formulation  //2 
0.25/  HgClg 

Amprol 

wax 

Poly- 

styrene 

cap 
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■ j/lOCnA  5 A 


Leclanche  'j-'ype  11  Cells  for  utornye  n t 130°  1<‘  (Capacity  results) 


lest  ae suits 

Lot 

MMSSSM9SIBRKKSM 

B.it-8  (hours) 

BA-408  (hours) 

i'lo. 

Cell 

3 no s.  at 

3 mos.  at 

3 

iio . 

Initial 

150  of 

Initial 

130°f 

Initial 

■ 

1 

13.8 

8.8 

227 . 2 

160.0 

26.8 

14.3 

CB56 

2 

16.2 

7.2 

232.0 

180.0 

26.8 

13.7 

3 

16.8 

10.  u 

232.0 

104 . 0 

25.5 

12.0 

nve . 

16.3 

8.  9 

250.4 

146.0 

26.3 

13.3 

1 

12.0 

4.8 

168.0 

118.0 

26.1 

13.3 

C857 

2 

12.0 

7 . 2 

184 . 0 

107.2 

25.6 

14.7 

3 

11.8 

4.6 

168.0 

92.8 

26.0 

17.3 

EC  1 

11.9 

■BP— 

173.0 

106.0 

25.9 

15.1 

i 

13.8 

■ 

203.4 

130.8 

20.0 

17.0 

C858 

2 

13.0 

... 

210.4 

125.7 

26.0 

17.8 

3 

13.2 

U 

219.4 

118.4 

26.2 

12.0 

■ran 

13.4 

7.6 

211.0 

wnmm 

24.1 

15.6 

i 

15.4 

5.6 

200.9 

131.2 

26.1 

12.0 

C859 

2 

15.0 

2.4 

202.0 

88.0 

26.4 

15.2 

3 

15.0 

4.8 

202.0 

106.7 

26.5 

11.0 

Ave . 

15.1 

4.3 

201.8 

108.6 

26.3 

12.7 

1 

19.6 

1 

110.4 

31.7 

16.0 

C860 

2 

21.4 

■ 

134.9 

31.4 

19.1 

5 

20.8 

RH> 

1 ■ 

30.7 

Ave . 

20.6 

7.6 

272.0 

122.6 

31.3 

17.5 

1 

l': 

9.4 

242.7 

110.6 

29.2 

10.0 

C861 

2 

8.0 

242.3 

91.2 

31.7 

17.6 

3 

BSE ■ 

221.3 

115.1 

31. 6 

■ 

Ave. 

15.8 

' 8.7 

235.4 

104 . 9 

30.2 

13.8 

1 

16.8 

7.0 

245.3 

105 . 6 

29.8 

16.0 

C862 

2 

17.8 

6.8 

£50.7 

116. 0 

28.0 

15.7 

S 

3 

16.6 

6.4 

256.0 

128.0 

26.4 

11.8 

ilVC* 

17.1 

6.7 

250.4 

116.5 

28.1 

14.5 

1 

11.0 

4.6 

184.0 

96.0 

£6.7 

16.8 

C863 

2 

3 

12.2 

184.0 

104.0 

27.1 

Ave . 

11.6 

4.6  * 

184.0 

100.0 

26.9 

16.8 

1 

13.6 

7.6 

266.5 

117 . 5 

26.6 

18.3 

C864 

2 

14.6 

6.4 

241.5 

107.2 

27 . 4 

17.0 

3 

13.0 

264.0 

92.0 

27.8 

11.3 

ave . 

13.7 

7.0 

257 . 5 

10b.  5 

27 . 3 

15.5 
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FIGURE  5A  (cont.) 


Lot 

No. 

Test  Results 

Cell 

No. 

BA-30  (days) 

BA- 8 (hours) 

BA-408  (h 

ours) 

Initial 

3 mos.  at 
130  °F 

Initial 

3 mos.  at 
130  °F 

Initial 

3 mos . at 
130°F 

1 

10.0 

6.0 

178.7 

96.0 

28.9 

13.3 

G865 

2 

9.6 

184.0 

112.0 

28.6 

8.0 

3 

9.6 

178.7 

121.6 

28.7 

19.5 

Aye. 

9.7 

6.e 

180.5 

109.9 

28.7 

13.2 

1 

15.2 

7.8 

232.0 

116.0 

25.5 

15.5 

C873 

2 

14.2 

7.4 

224,0 

126.8 

25.9 

17.1 

3 

16.2 

7 .0 

232.0 

129.5 

26.4 

15.7 

Ave. 

15.2 

7.4 

124.1 

25.9 

16.1 

1 

14.0 

6.2 

99.3 

25.8 

17.5 

G874 

2 

10.4 

7.4 

160.0 

126.4 

25.2 

16.7 

3 

11.0 

164.0 

101.7 

25.7 

mmm 

11.8 

6.8 

167.0 

109.1 

25.5 

17.1 

i 

16.6 

9.0 

240.0 

127.3 

27.8 

mmm 

C875 

2 

15.4 

8.4 

244.0 

116.8 

26.4 

l 

3 

15,6 

7.8 

245.3 

94.9 

27.8 

wsam 

15.9 

8.4 

243.1 

113.0 

27.3 

13.4 

i 

14.0 

7.0 

184.0  , 

104.0 

26.5 

16.0 

G876 

2 

11.8 

2.8 

192.0 

92.8 

24.0  • 

13.6 

3 

12.0 

72.0 

27.5 

, 

wsam 

12.6 

4.9 

188.0 

89.6 

26.0 

14.8 

1 

16.0 

9.0 

222.0 

125.1 

23.6 

12.0 

r 

2 

16.0 

9.0 

216.0 

130.0 

25.5 

12.0 

i 

3 

16.8 

7.6 

220.0 

122.0 

23.2 

12.0 

mmm 

16.3 

8.5 

219.0 

125.7 

24.1 

12.0 

[ 

i 

15.2 

9.6 

216.0 

144.0 

24.0 

1 C878 

2 

15.6 

6.4 

210.0 

157.3 

24.7 

llSy-^a 

3 

15.2 

8.2 

216.0 

94.9 

24.7 

WEBEtm 

r 

Ave. 

15.3 

8.1  • 

214.0 

132.1 

24.5  ~ 

m 

I 

[ 

I 
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FIGURE  ,6 


Leclanche  Type  "D"  Cells  Stored  At  130°F  (Construction) 


Storage  time  before  initial 
testing  at  70°  F. 


Storage  time  for  cells  stored 
at  130°F  (Tested  at  70°F) 


2 weeks  at  70°F  , 50$  R.  II. 


2 weeks  at  70°F  , 50$  R.H. 

3 months  at  130°F  f 50$  R.H. 


Iv’lX 

Formulation 

Separator 

100$  African  ore 
7/l  - ore/black 
1.0$  Ba.Cr04 

Starch  - flour  paste 
0.3$  Na2Cr207  as 
inhibitor 

100$  African. ore 
7/l  - ore/black 

11 

100$  African  ore 
7/1  - ore/black 

\ 

Starch  - flour  paste 
0.3$  Na2Cr207  f 0.1$ 
Antaron  R155 

100$  African  ore 
7/l  - ore/black 

Starch  - flour  paste 
0.1$  Antaron  R155  as 
inhibitor 

100$  African  r e • 
7/l  - ore/bluck 

Starch  - flour  paste 
0.25$  HgCl2  * 0.1$  Ant. 
R155  as  inhibitor 

100$  African  ore 
7/l  - ore/black 

Starch  - flour  paste 
1.0$  Protein  R2E-570  as 
inhibitor 

100$  African  ore 
7/1  - ore/black 

Starch  - flour  paste  ; 
1,0$  Denatured  Gluten  i 
as  inhibitor  j 

100$  African  ore 
7/1  - ore/black 
1.0$  BaCr07 

1 

Starch  - flour  paste  , 

0.3$  NagCr207  as 
inhibitor  : 

1 00$  African  ore 
7/l  - ore/black 
1.0$  BaCr07 

Starch  - flour  paste 
0.3$  Ka2Cr207  as 
inhibitor 

100$  A frican  ore 
7/1  - ore/black 

Starch  - flour  paste 
0.25$  HgCl2  ♦ 0.1$  Ant. 
R155  as 'inhibitor 

2349 


C2797 


Subseal  Se 


Amprol 

wax 


Heat  res. 
polysty- 
rene cap 
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FIGURE  6 A 


Test  Results 

Lot 

BA  30  (days) 

BA  8 (Hours) 

BA  408/U  (hours) 

No. 

Cell 

No! 

Initial 

3 mos.  at 

Initial 

3 mos..  at 

Initial 

3 mos.  at 

130°  F 

130°  F 

130°  F 

1 

10.8 

4.2 

165.3 

112.0 

19.7 

14.5 

C2328 

2 

10.8 

7.2 

166.4 

117.3 

19.7 

11.5 

3 

10.4 

7.2 

166.7 

116.4 

18.9 

12.8 

Ave. 

10.7 

6.2 

166.1 

115.2 

19.4 

12.9 

1 

9.6 

3.6 

160.0 

84.0 

21.4 

11.6 

C2331 

2 

8.8 

6.6 

176.0 

48.0 

21.5 

9.0 

3 

10.6 

4.8 

168.0 

101.3 

22.5 

8.4 

Ave. 

9.6 

5.0 

ICQ.  0 

77.7 

21.8 

9.7 

1 

10.4 

8.2 

139.0 

121.6 

21.2 

11.0 

C2334 

2 

10.0 

7.0 

142.4 

122.7 

20.0 

10.9 

3 

10.2 

7.4 

142.4 

136.0 

20.9 

10.9 

Ave. 

10.2 

r 

7.5 

141.3 

126.7 

20.7 

10.9 

1 

10.8 

6.0 

156.0 

90.7 

18.0 

11.1 

C2337 

2 

11.2 

3.6 

160.0 

120.0 

18.8 

10.4 

3 

10.6 

4f4 

154.7 

- - 

88.0 

18.0 

10.3 

Ave. 

10.9 

4. 6 

156.9 

99.5 

18.3 

10.6 

1 

12.6 

5.4 

198.4 

78.4 

17.7 

10.7 

C2340 

2 

12.2 

6.0 

180.0 

74.3 

18.3 

10.3 

3 

12.8 

5.8 

184.0 

90.7 

17.8 

10.6 

Ave. 

12.5 

5.7 

187.5 

81.1 

17.9 

10.5 

1 

11.6 

6.2 

177.7 

100.6 

17.5 

10.9 

C2543 

2 

11.2 

6.4 

183.0 

120.7 

17.8 

10.4 

3 

11.0 

4.6 

191.0 

17.2 

9.8 

Ave . 

11.3 

5.7 

' 183.9 

110.6 

17.5 

10.3 

1 

12.6 

5.6 

192.0 

168.0 

22.6 

12.0 

C2346 

2 

12.4 

8.6 

192.0 

152.0 

22.0 

14.1 

3 

12.2 

11.0 

200.0 

101,3 

21.4 

12.0 

Ave . 

12.4 

8.4 

195.0 

140.4 

22.0 

12.7 
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FIGURE  A (cont.) 


Lot 

No. 

Test 

Results 

Cell 

No. 

BA  30  U 

lays) 

BA  8 (hours) 

BA  4G8/U 

(hours) 

Initial 

3 mos. 
at  130°F 

Initial 

3 mos.  at 
130°  F 

Initial 

3 mos  at 
130°  F 

1 

10.2 

6.0 

164.0 

116.4 

19.3 

12.5 

C2349 

2 

10,2 

8.8 

165.3 

118,0 

18.9 

14.2 

3 

11.2 

5.2 

164.0 

130.0 

19.5 

14.6 

Ave. 

10.5 

6.6 

164.4 

121.4 

19.2 

13,7 

1 

12.6 

8.6 

220.0 

160,0 

21.1 

11,4 

C23S2 

2 

12.0 

7.2 

204.0 

148.0 

22.0 

11.4 

3 

12.2 

202.7 

116.8 

22.3 

10.4 

Ave, 

12.3 

7.9 

208.9 

141.6 

21,8 

11.0' 

1 

14.6 

7.8 

240.0 

168.0 

25.5 

14.0 

C2797 

2 

14.8 

7.6 

228.0 

\ 154.7 

26,0 

11,6 

3 

14.6 

7.6 

232.0 

145.6 

25.7 

15.3 

Ave, 

14.6 

7.7 

233.0 

. — 

156.1 

25.7 

13.6 
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CONSTRUCTION  AND  CAPACITY  RESULTS  OF  CELLS 

STORED  AT 
160°  F. 

FOR  2 WEEKS  AT  50#  R.H. 
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FIGURE  7 

LeClanchA  Type  "D”  Cells  For  Storage  At  160°F  (Construction) 


Storage  ‘time  before  initial 
testing  at  70°F 

2 weeks  at  70°F  - 50%  R.H. 

Storage  time  for  cells  on  160°F 
storage  (tested  at  70°F) 

2 weeks  at  70°F  - 50%  R.H. 

2 v/eeks  at  160°F  - 50%  R.H. 

Lot 

No. 

Mix 

Formulation 

Separator 

Sub seal 

Seal 

B3160 

100%  African  ore 

7/1  - ore/black 
* 

Flour  - starch  paste 
0.3%  HgCl2  as 
inhibitor 

1 

amprol 

wax 

polysty- 
rene cap 

B3161 

100%  African  ore 
7/l  - ore/black 

Special  starch  paste 
0.3%  HgClg  as 
inhibitor 

amprol 

wax 

polysty- 
rene cap 

B3162 

100%  African  ore 
7/1  - ore/black 
1.0%  BaCr04 

Flour  - starch  paste 
0.3%  Na2Cr207  as 
inhibitor 

amprol 

wax 

polysty- 
rene cap 

— 

B3163 

100%  African  ore 
7/1  ore/black 
1.0%  BaCr04 

Special  starch  paste 
0.3%  Na2Cr207.  as 
inhibitor 

amprol 

wax 

polysty- 
rene cap 

B3164 

100%  African  ore  , 
7/l  - ore/black  ' 
0.5%  Cr03 

Flour  - starch  paste 
0.3%  H&2Cr2^7  aa 
inhibitor 

amprol 

wax 

polysty- 
rene cap 

B3165 

100%. African  ore 
7/1  - ore/black 
0.5%  Cr03 

Special  starch  paste 
0.3%  Na2Cr207  as 
inhibitor 

amprol 

wax 

polysty- 
rene cap 

B3166 

100%  African  ore 
7/1  ore/black 
0.5%  Cr03  • ■ 

Flour  - starch  paste 
0.3%  Na2Cr207  as 
inhibitor 

amprol 

wax 

polysty- 
rene cap 

B3167 

100%  African  ore 
7/1  - ore/black 
0.5%  Cr03 

Special  starch  paste 
Cronaked  cans 
0.3%  Na2Cr207 

amprol 

wax 

polysty- 
rene cap 
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FIGURE  ,7  (cont. ) 


Lot 

No. 

Mix 

Formulation 

Separator 

Sub seal 

Seal 

B3168 

100$  African  ore 
7/1  - ore/black 
1.0$  BaCr04 

Flour  - starch  paste 
Cronaked  cans 
0.3$  Na2Cr207 

amprol 

wax 

polysty- 
rene cap 

100$  African  ore 
7/1  - ore/black 
1.0$  BaCr04 

Special  starch  paste 
Cronaked  cans 
0.3$  Na2Cr207 

amprol 

wax 

polysty- 
rene cap 

B3170 

100$  African  ore 
7/l  - ore/black 

Special  starch  - flou 
paste  - 0.3$  Na2Cr2P7 
as  inhibitor 

r amprol 
wax 



polysty- 
rene cap 

B3171 

100$  African  ore 
7/1  - ore/black 

Special  starch-flour 
paste  - 0.3$  IIgCl2 
as  inhibitor 

amprol 

wax 

polysty- 
rene cap 

B3173 

100$  African  ore 
7/1  - ore/black 
1.0$  BaCr04 

Special  starch  paste 
0.3$  Na2Cr207  as 
inhibitor 

amprol 

wax 

polysty- 
rene cap 

100$  Western  Electro 
ore  - 7/1  ore/black 

Special  starch  paste. 
0.3$  HgCl2  as 
inhibitor 

amprol 

wax 

polysty- 
rene cap 

B3175 

50$  Western  Electro 
50$  African  ore 
7/l  - ore/black 

Special  starch  paste 
0.3$  HgCl2  as 
inhibitor 

amprol 

wax 

polysty- 
rene cap 

B3176 

33$  Light  Hydrate 
67$  African  ore 
7/1  - ore/black 

Special  starch  paste 
0.3$  HgCl2  as 
inhibitor 

amprol 

wax 

polysty- 
rene cap 

B3177 

100$  African  ore 
7/1  - ore/black 

Starch  - flour  paste 
0.3$  HgCl2  as 
inhibitor 

amprol 

wax 

hard 

wax 

B3327 

100$  Crypt.  (HgO 
Lt.  Hyd.) 

7/1  - ore/black 

Starch  - flour  paste 
0.3$  HgCl2  as 
inhibitor 

amprol 

wax 

polysty- 
rene cap 
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Lot 

No. 

Mix 

Formulation 

Separator 

Sub seal 

Seal 

B3330 

i 

30#  Cryptomelane 
70/o  nfrican  ore 
7/1  - ore/black 

Starch  - flour  paste 
0.3#  HgCl2  as 
inhibitor 

amprol 

wax 

polysty- 
rene cap 

B3334 

100#  Crypt.  (KC1  - 
Lt.  Hyd.) 

7/l  - ore/black 

Starch  - flour  paste 
0.3#  HgCl2  as 
inhibitor 

amprol 
v/  ax 

polysty- 
rene cap 

B3337 

30#  Cryptomelane 
70#  African  ore 
7/1  •-  ore/black 

Starch  - flour  paste 
0.3#  HgClg  as 
inhibitor 

amprol 

wax 

polysty- 
rene cap 

B3342 

30#  Crypt.  (NH4CI  - 
Lt.  Hyd.)  70#  Afr. 
ore  7/l  - ore/black 

Starch  - flour  paste 
0.3#  HgCl2  as 
inhibitor 

amprol 

wax 

polysty- 
rene cap 

B3346 

‘100#  Crypt.  (ZnCl2  - 
Lt.  Hyd.) 

7/l  - ore/black 

Starch  - flour  paste 
0.3#  IigCl2  as 
Inhibitor 

amprol 

wax 

polysty- 
rene cap 

B3349 

30#  Cryptomelane 
7 (M  African  ore 
7/1  - ore/black 

Starch  - flour  paste 
0.3#  IigCl2  as 
inhibitor 

amprol 

wax 

polysty- 
rene cap 

B3696 

100#  Crypt.  (ZnCl2  - 
W.E.  ore) 

7/l  - ore/black 

Starch  - flour  paste 
0.3#  HgClg  as 
inhibitor 

amprol 

wax 

polysty- 
rene cap 

B3699 



30#  Cryptomelane 
7 0#  African  ore 
7/1  - ore/black 

Starch  - flour  paste 
0.3#  HgCl2  as 
inhibitor 

amprol 

wax 

polysty- 
rene cap 

B3703 

100#  Crypt.  (NH4CI  - 
Western  Electro  ore) 
7/l  - ore/black 

Starch  - flour  paste 
0.3#  HgCl2  as 
Inhibitor 

amprol 

wax 

polysty- 
rene cap 

B3706 

30#  Cryptomelane 
70#  African  ore 
7/1  - ore/black 

Starch  - flour  paste 
0.3#  HgCl2 ,as 
inhibitor 

amprol 

wax 

polysty- 
rene cap 

*-  ■' 
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Mix 

Formulation 


Separator 


50$  Crypt.  (NH4CI  - Starch  - flour  paste 
B4582  W.i 3.  ore)  - 50yo  A fr.  0.3)4  HgCl2  as 
ore  — 7/l  - ore/blaci:  inhibitor 


100$  African  ore 
B4737  7/1  - ore /black 


Starch  - flour  paste 
0.3$  HgCl2  as 
inhibitor 


amprol 

wax 


amprol 

wax 


polysty- 
rene cap 


polysty- 
rene cap 


30$  Crypt.  (ZnCl2  - 
B4846  W.EV  ore)  - 70$  Afr. 

ore  ”-  7/l  - ore/black 


Starch  - flour  paste  amprol  polysty- 
0.3$  HgCl2  as  wax  rene  cap 
inhibitor 


30$  Western  Electro 
B4911  70$  African  ore 

7/l  - ore/black 


Starch  - flour  paste  amprol  polys ty- 
0.3$  HgCl2  as  wax  rene  wax 
inhibitor 


C787 


100$  African  ore 
7/1  - ore/black 


Starch  - flour  paste  amprol  polysty- 
0.3$  HgCl2  as  wax  rene  cap 
inhibitor 


100$  African  ore 
C788  7/1  - ore/black 


Special  starch  paste 
0.3$  HgCl2  as 
inhibitor 


amprol 

wax 


polysty- 
rene cap 


100$  African  ore 
B4738  7/1  - ore/black 


100$  African  ore 
B4739  7/1  - ore/black 


Starch  - flour  paste 
0.3$  HgCl2  as 
inhibitor 


Special  starch  paste 
0.3$  HgCl2  as 
inhibitor 


amprol 


30$  Crypt.  (ZnCl2  - Starch  - flour  paste 
W.E.  ore)  70$  African  0.3$  HgCl2  as 
Ore  - 7/1  - ore/black  inhibitor 


100$  African  ore 
7/l  - ore/black 


Starch  - flour  paste 
0.3$  HgCl2  as 
inhibitor 


amprol 

wax 


polysty- 
rene cap 


polysty- 
rene cap 


polysty- 
rene cap 


polysty- 
rene cap 


Security  Information 
Restricted 


o Restricted 
Security  Information 


BeClanchi  Type  »Di 


Cell, 


— — 

T — ■ 

Cell 
1 No. 

— 

days ) j 

Initial  i 

I2  wks.  at/ 

1600  p. 

■ 

~~~~T 

f°r  StM’aS9  At  160°f'  (Capacity) 


Initial  2 wks 
L ifino 


B3160 


13.6 

13.4 

14.0 

14.0 


Ave.' 


B3161 


Ave, 


B3162 


13.  e 

14.2 

13.4 

14.0 


13.9 


5.8 


2.4 


Ave, 


2.4 


B3163 


53164 < 


160°  p. 


at 


195 


187 


1 

2 

3 ‘ 3 

4 

5 

Ave.  J 

11*2 

11.4 

11.4 

11.4 

" 

1 

2.6 

2.6 

4.8 

5.0  | 

2.2 

168 

161 

157 

166 

! 1 
2 

• 3 

1 4 1 

11.4 

3.4 

161 

11.6 
11.6 
ll»4  j 

Cells 

no> 

1 good  ! 

. i 

168 

168 

168 

J Ave,  1 

^11*6  1 

— L_ 

1 

, 

^ISSAUhouraJ 

Initial  2 wks.  ai 

160°  p. 


106 


80.0 

68.0 

40.0 

50.3 

_59j5 


19.0 

18.0 

20.0 


-19.0 


.64,2 

24.0 

64.0 
80.9 

61.0 


58.0 

129.0 

120.0 
120.0 

144.0 

116.0 

.126.0 


19.0 

20.0 

19.0 


19.3 

21.0 

21.0 

21.0 

22.0 


21^5 
Cells 

discharge 
thru 
'wrong 
drain 


22.0 

21.0 

22.0 


_21j7 


11.0 

11.0 

10.0 

10.0 

11.0 


10.6 


4.8 


JL0.3 

12.0 

10.0 

10.0 

10.0 

10.0 

-10.4 


6.0 
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Test  Results 


BA- 8 (hours' 


11.6 


12.8 

12.2 

12.4 


12.5 


12.6 

15.4 

12.6 

11.6 


12.6 


160°  P. 


77.0 

99.0 
99.0 

102.0 

108.0 


97.0 


55.3 

64.0 

15.0 

44.0 


44.1 


81.7 

99.7 
89.0 
45.3 
88.2 


BA-408/U  (hours) 

Initial 

2 wks  at 
160°  P. 

23.0 

11.0 

23.0 

10.0 

23.0 

11.0 

9.0 

11.0 

23.0 

10.4 

23.0 

4.0 

23.0 

23.0 

23.0 

4.0 

25.0 

25.0 

26.0 


178 

1 

81.0 

25.3 

202 

88.0 

25.0 

197 

47.0 

25.0 

211 

88.0 

25.0 

107.0 

203 

82.5 

25.0 

198 

109.7 

25.0 

189 

88.0 

25.0 

192 

54 . 4 

26.0 

192 

136.7 

25.0 

48.0 

193 

88.0 

25.2 

4.0 

8.0 

10.0 
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FIGURE  7 A (cont. ) 


Ba-30  (da:/s) 


Test  Results 


BA- 8 (hours) 


Cell 

No*  Initial  2 w&s  at  Initial  2 wlcs  at 
160°  F.  160°  F. 


Ave. 

12.3 

1 

16.2 

2 

18.0 

3 

17.8 

in 

17.3 

i 

13.0 

2 

11.6 

3 

12.2 

Ave. 

12.3 

1 

24.8 

2 

24.6 

3 

24. Q 

IBB 

24.7 

1 

15.0 

2 

14.2 

3 

4 

Ave. 

14.6 

Cells 

no 

good 


Cells 

no 

good 


181.3 

184.0 

184.0 

184.0 


183.3 


220.0 

222.0 

220.0 


221.0 


56.0 
90.7 

101.3 

54.3 

40.0 


68.5 


88.0 

88.0 


88.0 


186.0  49.0 


BA-403/U  (hours) 


Initial  2 wks  at 
160°  F. 


25.5 

25.5 

25.5 


25.5 


29.0 

27.0 

25.0 


27.0 


NO 


Cells 

no 

good 


Cells 


results  no 

good 


324.0 

293.0 

264.0 

152.0 

294.0 

152.0 

252.0 

230.0 

249.0 

64.0 
116.0 

88.0 
120.0 

244.0 

90.4 

45.0 

47.0 

46.0 


46.0 


31.0 

32.0 

31.0 


31.3 


Cells 

no 

good 


16.0 

12.0 

17.0 


15.0 
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Lot 

No. 

Test  Results 

Cell 

No. 

BA- 30  (days) 

BA- 8 (hours) 

BA-408/U 

(hours) 

Initial 

2 wks  at 
1600  P. 

Initial 

2 wks  at 
160°  P. 

Initial 

2 wks  at 
160°  P. 

1 

20.6 

6.0 

233.0 

53.3 

32.0 

6.0 

2 

17.0 

235.0 

24.0 

31.7 

B3176 

3 

19.4 

228.0 

42.7 

31.7 

4 

19.4 

239.0 

87.8 

30.2 

Ave. 

19.1 

6.0 

234.0 

52.0 

31.4 

6.0 

. 

1 

No 

Cells 

162.0 

24.0 

No 

Cells 

2 

results 

no 

206.0 

50.0 

results 

no 

B3177 

3 

good 

240.0 

96.0 

good 

4 

184.0 

23.0 

198.0  < 

56.3 

Ave. 

1 

9.6 

1.4 

210.0 

54.4 

21.0 

4.0 

2 

11.6 

1.6 

212.0 

56.0 

22.0 

4.0 

B3327 

3 

12.0 

225.0 

58.7 

22.0 

6.0 

4 

21.0 

Ave. 

11.1 

1.'5 

216.0 

• 56.4 

21.5 

4.7 

1 

13.2 

Cells 

182.0 

2.1 

17.5 

1.0 

2 

13.6 

no 

165.0 

51.4 

18.6 

2.0 

B3330 

3 

good 

172.0 

44,9 

16.9 

Ave. 

13.4 

— 

173.0 

48.1 

17.7 

1.5 

1 

9.4 

7.4 

193.0 

35.0 

23.0 

Cells 

2 

11,0 

193.0 

24.0 

21.0 

no 

B3334 

3 

9.2 

182.0 

29.0 

20.0 

good 

4 

24.0 

n 

9.9 

mam 

189.0 

29.3 

22.0  . 

^ 

i 

13.0 

Cells 

193.0 

35.0 

19.0 

4.0 

2 

13,2 

no 

183.0 

40.0 

23.0 

B3337 

3 

14.2 

good 

192.0 

12.0 

24,0 

4 

23.0 

Ave. 

13.5 

190.0 

37.5 

22.3 

4.0 
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BA-30  (days 

No.  p 

Initial  ,* 


Ave. 


Ave. 


Teat  Results 


BA- 8 (hours 


2 wks.  at 

160°  p. 


Initial 


12.6 

10.0 

14.2 


12.3 


12.6 

14.0 

12.8 


13.1 


15.8 

14.6 

14.6 


15.0 


22.2 

20.8 

21.2 


Cells 

no 

good 


Cells 

no 

good 


2 wks  at 
160°  P. 


52.6 

58.0 

72.0 


60.9 


83.0 

88.0 
64.0 


78.0 


195.0 

205.0 

195.0 


198.0 


289.0 

273.0 

299.0 


79.0 


108. 

42. 

50. 


BA-408/U  hour 


Ave  • 


243.0 

264.0 

324.0 


277,0 


Initial 


16.0 

14.0 

15.0 

16.0 


15.3 


26.0 

26.0 

26.0 

26.0 


26.0 


16.4 

15.8 

16.9 
17.3 


16.6 


36.0 

39.0 
39.0 
39.0 


2 wks  at 
1609  F. 


88.0 


13.0 


12.5 


9.0 

9.0 

11.0 

10.0 


9.0 

9.0 

10.0 

10*0 


Cells 


good 


Cells 

no 

good 
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Lot 
No.  Cell 
Ho. 


Ba-30  (days) 


Initial  2 v/ks  at 

1600  jji. 


Test  Results 


BA- 8 (hours) 


Initial  2 v/ks  at 
160°  F. 


229.0 

233.0 

256.0 


239.0 


202.0 

208.0 

228.0 


213.0 


208.0 

190.0 

186.7 


195.0 


256.0 

238.4 

235.2 

250.7 


245.0 


187.0 


192.0 

194.0 
194.0 


193.0 


144.0 

131.0 

108.0 


128.0 


84.0 

98.7 

26.9 


108.0 


72.8 


72.8 


84.4 

77.3 

83.2 


80.6 


BA-408/U  (hours) 


Initial  2 wks  at 
160°  P. 


25.0 

26.0 
26.0 


25.7 


20.0 

26.2 

26.2 


24.1 


18.9 

18.2 

18.7 


18.6 


19.4 

19.5 
19.5 


19.5 


13.2 


16.0 


10.2 

9.6* 

4.0 
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Test  Results 


Lot 

No. 

m 

jraSfl 

BA- 30  (days) 

BA- 8 (hours) 

BA-408/U 

( hours ) 

Initial 

2 wks  at 
160°  F 

Initial 

2 wks  at 
160°  F 

Initial 

2 wks  at 
160°  F 

1 

12.8 

5.0 

196.0 

96.0 

21.8 

10.9 

2 

12.6 

5.4 

201.0 

114.7 

21.7 

10.9 

B4738 

3 

12.4 

5.2 

208.0 

82.0 

21.4 

10.3 

Ave. 

12.6 

weam 

202.0 

97.6 

21.6 

10.7 

n 

iff! 

3.2 

198.4 

118.0 

23.3 

wrong 

6.4 

192.0 

96.0 

21.9 

discharge 

B4739 

Kfl 

BED 

6.0 

185.8 

99.3 

22.9 

Ave. 

12.6 

5.2 

192.0 

107.8 

22.7 

1 

13.6 

5.6 

27.0 

8..0 

2 

14.4 

5.2 

26  .,5 

13.0 

B4347 

3 

15.6 

4.2 

Wmn 

27  ..2 

11.2 

Ave. 

14.5 

5.0 

237.0 

104.8 

mxm 

i 10  ..7 

1 

9.8 

220.0 

155.1 

■pf  \ ’fife 

m 

2 

8.8 

212.0 

176.0 

C1623 

3 

1 

8.4 

236.0 

136  ►O’ 

fl 

Kfl 

Ave. 

14.1 

9.0 

223.0 

155  ,T 

21.9 

11.7 
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FIGURE  8 


Leclanche  Type  "D"  Cells  Stored  At  160°  F (Construction 


Storage  time  before  initial 
testing  at  70°  F 

2 weeks  at  70°  F , 50%  R.H. 

Storage  time  for  cells  stored 
at  160°F  (tested  at  70°F) 

2 weeks  at  70°  F , 50%  R.H. 
2 weeks  at  160°  F,  50%  R.H. 

Mix 

Formulation 


100%  African  ore 
C2339  7/1  - ore /black 

1.0%  BaCr04 


C2332 


C2335 


C2341 


100%  African  ore 
7/l  - ore/black 


100%  African  ore 
7/1  - ore/black 


100%  African  ore 
7/1  - ore/black 


100%  Afrioan  ore 
7/l  - ore/black 


100%  African  ore 
7/1  - ore/black 


100%  African  ore 
2347  7/1  - ore/black 


100%  African  ore 
2350  7/1  - ore/black 


100%  African  ore 
C2353  7/1  - ore/black 


Separator 


Starch  - flour  paste 
0.3%  Na2Cr207  as 
inhibitor 


Starch  - flour  paste 
0.3%  Na2Cr207  ♦ 0.1% 
An';aron  R 155 


Starch  - flour  paste 
0.1%  An tar on  R155  as 
inhibitor 


Starch  - flour  paste 
0.25%  HgCl2  ♦ 0.1% 
Antaron  R155 


Starch  - flour  paste 
1.0%  Protein  R2E-570 
as  inhibitor 


Starch  - flour  paste 
1,0%  Denatured  Gluten 
as  inhibitor 


Starch  - flour  paste 
0.3%  Na2Cr207  as 
inhibitor 


Subseal  Seal 


Amprol 

wax 


Starch  - flour  paste 
0.20%  HgCl2  ♦ 0.1%  Ant.  £0  v'lt 
l*3  inhibitor isubseal 
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FIGURE  8 ( cont. ) 


i Lot 

| No. 

Nix 

Formulation 

Separator 

Subseal 

Seal 

I C2774 

100/6  African  ore 
7/1  ~ ore/black 

Starch  - flour  paste 
0.25#  HgClg  as 
inhibitor 

Polyeth- 
ylene 
gasket  - 
no  wax 

Heat  res. 
polysty- 
rene cap 

T C2775 

100^6  African  ore 
7/1  - ore/black 

11 

n 

it 

JC2776 

100#  African  ore 
7/1  - pre/black 

11 

Polyethyl 
gasket  ♦ 
amprol 
wax 

n 

C3267 

100#  Cryptolite 
7/1  - ore/black 

it 

polyethyl 

ene 

gasket  - 
no  wax 

It 

' 

C3268 

100#  Cryptolite 
7/1  - ore/black 

Olin  starch  'formulation 
#2  - 0.25#  HgCl2  as 
inhibitor 

n 

n 

, C3271 

. 

30#  Cryptolite  - 70# 
African  ore 
7/1  - ore/black 

Starch  - flour  paste 
0.25#  HgClg  as 
inhibitor 

11 

11 

’ C3272 

30#  Cryptolite  - 70# 
African  ore 
7/1  - ore/black 

Olin  starch  formulation 
#2  - 0.25#  HgCl2  as 
inhibitor 

it 

1 

11 

T 03275 

100#  Anodite 
7/1  - ore/black 

Starch  - flour  paste 
0.25#  HgClg  as 
inhibitor 

it 

11 

1 C3276 
| 

100#  Anodite 
7/1  - ore/black 

Olin  Starch  formulation 
#2  - 0.25#  HgClg  as 
inhibitor 

11 

11 

p* 

30#  Anodite  - 70# 
African  ore 
7/1  - ore/black 

Starch  - flour  paste 
0.25#  HgClg  as 
inhibitor 

n 

11 

C3280 

30#  Anodite  - 70# 
African  ore 
7/1  - ore/black 

Olin  starch  formulation 

#2  - 0.25#  HgClg  as 
inhibitor 

— — — ,j 

n 

11 

I 
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FIGURE  8A 


Lecl&nche  Type  "D”  Celia  Stored  At  160°  F (Capacity) 


Test 

Results 

Lot 

BA  30  (days) 

BA  8 (hours) 

BA  408/U 

(hours) 

No. 

Cell 

No. 

Initial 

2 wks. 

Initial 

2 wks.  at 

Initial 

2 wks.  at 

. 

at  160°F 

160°  F 

160°  F 

t 

1 

11.6 

8.8 

157.7 

16.0 

19.7 

14.3 

C2329 

2 

10.0 

168.0 

25.5 

19.3 

3‘.  . 

10.8 

166.4 

19.5 

Ave. 

10.8 

8.8 

164.0 

20.7 

19.5 

14.3 

1 

9.6 

6.0 

168.0 

107.6 

18.8 

10.8 

C2332 

2 

10.0 

5.6 

160.0 

108.0 

18.9 

11.7 

3 

9.6 

5.4 

160.0 

112.0 

24.5 

11.8 

Ave. 

9.7 

5.7 

162.7 

109.2 

20.7 

11.4 

1 

10.2 

7.4 

165.3 

133.3 

18.3 

13.0 

C2335 

2 

10.2 

9.0 

158.0 

133.3 

19.0 

12.0 

3 

10.4 

8.0 

165.3 

131.2 

19.3 

12.0 

AVe. 

10.3 

8.1 

162.9 

132.6 

18.8 

12.3 

1 

10.0 

5.8 

156.8 

86.6 

21.1 

11.4 

C2338 

2 

10.2 

6.4 

158.0 

100.9 

20.0 

9.8 

3 

10.2 

6.8 

155.4 

120.0 

20.2 

12.0 

Ave. 

10.2 

6.3 

156.7 

102.5 

20.4 

11.1 

1 

11.8 

8.0 

184.0 

112.0 

18.7 

9.4 

C 2341 

2 

12.6 

3.  2 

188.0 

.105.1 

16.7 

10.8 

3 

11.8 

- 

196.0 

68.8 

18.2 

9.8 

Ave. 

12.1 

_ 5.6 

189.0 

95.3 

17.8 

10.0 

1 

11.2 

6.6 

178.7 

112.0 

18.5 

10.4 

C2344 

2 

11.8 

5.8 

192.0 

100.0 

16.8 

10.2 

3 

11.4 

8.0 

176.0 

108.8 

17.4 

10.6 

Ave. 

11.6 

6.8 

182.2 

106.9 

17.6 

10.4 

1 

11.8 

1.6 

180.0 

64.0 

17.7 

10.0 

C2347 

2 

12.8 

3*6 

184.0 

108.0 

18.3 

^.6 

3 

11.8  , 

1.0 

168.0 

92.0 

19.7 

. . 

4.0 

Ave. 

12.1 

2.1 

177.0 

88.0 

18.5 

7.2 
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I 

I 

I 

I 


1 


I 

I 

I 

1 

1 

1 

I 


Lot 

No. 

i 

Test 

Results 

Cell 

No. 

BA  30  (days) 

BA  8 (hours) 

BA  408/U  (hours) 

Initial 

2 wks.  at 
160°F 

Initial 

2 wlcs . at 
160°F 

Initial 

2 wks • at 
160°F 

1 

10.4 

9.4 

166.0  ' 

21.3 

20.0 

6.9 

C2350 

2 

10.4 

9.6 

156.0 

19.0 

4.0 

3 

11.0 

10.2 

168.0 

19.1 

Ave. 

10.6 

9.7 

163.0 

21.3 

19.3 

5.4 

1 

11.2 

4.6 

216.0 

136.0 

22.4 

11.7 

C2353 

2 

11.8 

8.2 

212.0 

144.0 

16.7 

12.0 

3 

11.8 

4.6 

214.0 

18.4 

10.7 

Ave. 

11.6 

5.8 

214.0 

141.3 

19.2 

11.4 

1 

14.2 

2.2 

244.0 

142.0 

25.3 

12.8 

C2798 

2 

12.8 

7.0 

242.7 

1 144.0 

20.0 

10.5 

3 

14.2 

8.0 

245,3 

22.7 



Ave. 

13.7 

5.7 

244.0 

143.0 

22.6 

11.7 

1 

13.8 

6.6 

252.0 

136.0 

25.5 

n 

C2774 

2 

16.8 

6*6 

221.3 

160.0 

■ 24.7 

3 

16.2 

8.8 

236.0 

112.0 

25,4 

EM 

15.6 

7.3 

229.8 

BSSKIm 

25.2 

11.8 

i 

1 

9.6 

244.0 

25.3 

18,0 

C2775 

2 

11.4 

242.7 

■ 

20.0 

18.9 

, 

3 

12.0 

245.3 

1 

22.7 

16.0 

Ave. 

13.7 

11.0 

244.0 

168.8 

22.6 

17.8 

1 

14.2 

12.4 

244.0 

196.0 

25.3 

18.0 

C2776 

2 

12.8 

11.2 

242.7 

197.3 

20.0 

16.0 

3 

14.2 

11.2 

245.3 

168.4 

22.7 

17.1 

Ave. 

13.7 

11.5, 

244.0 

180,4 

22.6 

17.1 

in 

22.8 

8.0 

328.0 

94.9 

28.4 

12.0 

C3267 

18.6 

6.2 

328.0 

128.0 

40.0 

15.7 

ifl 

19.4 

8.0 

332.0 

82.7 

39.0 

14.7 

Ave. 

20.3 

7.5 

329,0 

101.8 

35.8 

14.1 

I 

I 
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FIGURE  JBa  (eontr 


C3271 


C3272 


C3276 


C3276 


C3279 


C320O 


Cell 
No.  * 


BA  30  (days) 


Teat  Results 


BA  8 (hours) 


BA  408/U  (hours) 


Initial 


C3268 


*2  wks « at 
160°F 


Initial  2 wks.  at  Initial  2 wk3.  at 
160°F  160°F 


34.8 

40.0 

39.5 


24.0 

26.2 

25.5 


25.2 


14.3 


14.3 


113,2 


27.4 
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RECOMMENDATIONS 


1*  The  designed  polarization  apparatus  be  employed  to  evaluate  new 
anodic  inhibitors  eliminating  the  complicated  reactions  oc curing  in  the 
cathode  area, 

2 • Manganese  dioxides  having  a stable  crystal  structure  and  giving 
consistently  high  capacity  results  should  be  used  in  the  fabrication  of  cells 
for  storage  condition  specified  in  this  contract.  Gamma-B  and  cryptomelane 
crystal  structures  afford  the  best  characteristics  in  achieving  this  purpose. 

3.  Paper  lined  cells  using  Eveready  methyl  cellulose  coated  paper, 
African  ore  depolarizer,  polyethylene  gasket  and  heat  resistant  polystryene 
top  seal,  will  meet  the  storage  conditions  of  130°F,  $0%  R.H.  and  160°F,  5>C# 
R.H. 


li.  Polyethylene  gasket  substituted  for  the  wax  sub-seal  and  heat 
resistant  polstyrene  top  seal  will  produce  an  effective  seal  that  is 
resistant  to  cell  leakage. 

5.  The  application  of  (0,3%)  ammonium  chromate  inhibitor  (by  weight 
of  electrolyte  in  the  separator)  and  1>C  barium  chromate  (reservoir  in  the 
mix)  for  fabricated  cells  create  performances  which  meet  the  conditions 
specified  by  this  contract. 
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